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INTRODUCTION 
 
This report describes existing information and first steps related to developing environmental 
flow recommendations for the Little Bear and Blacksmith Fork Rivers in Cache County, Utah. 
This project was undertaken by The Nature Conservancy (TNC) in partnership with Trout 
Unlimited (TU), Utah Division of Wildlife Resources (UDWR), Cache County, and Utah State 
University (USU). Both rivers have been identified as conservation priorities, primarily for 
Bonneville cutthroat trout (BCT) and their riparian and aquatic systems. 
 
The objectives of this report include: 
 
• researching and compiling available existing information on the riverine resources of the 








o water quality, 
 
o riparian ecology, 
 
o fisheries/aquatic ecology; 
 
• identifying gaps in available resource data and providing recommendations to address 
these data gaps; and 
 
• preparing initial flow recommendations for resource areas/study reaches where available 
data are adequate. 
 
This background report is the first step in an effort that will ultimately provide the scientific basis 
for development of a conservation plan focused on defining and restoring environmental flows in 
both rivers. The need for this background report had its genesis in the Cache County Water 
Master Plan, adopted by the Cache County Council in 2013. That Plan recommends evaluating 
environmental water demand and prioritization of critical areas. This Report is the first effort to 




This report was compiled primarily based on available existing information. A reconnaissance 
visit of the study area was also completed on August 6, 2015. Due to time and access constraints, 
the reconnaissance team (Melissa Stamp, Tyler Allred, and Darren Olsen) were only able to view 
the streams intermittently at public road crossings and visually estimate streamflow, and did not 
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gain a complete continuous picture of the river corridors. However, this effort was very helpful 
in terms of viewing the entire watershed in a single day and gaining a snapshot of streamflow 
conditions for all sections of the river during the summer irrigation season, which is a very 
different perspective than the more intense data collection efforts that have been conducted in the 
past at a single location.  
 
Existing information was compiled via internet searches and communications with 
knowledgeable researchers and agency staff. All available information and data were compiled 
into a data CD and provided to TNC as an attachment to this report.  
 
Major data sources included: 
 
• U.S. Geological Survey, 
 
• U.S. Bureau of Reclamation, 
 
• Utah Division of Water Rights, 
 
• Utah Division of Water Resources, 
 
• Utah Division of Wildlife Resources, 
 
• Utah Division of Water Quality, 
 
• Utah Department of Natural Resources, 
 
• Cache County, 
 
• Utah State University, 
 
• Utah Automated Geographic Reference Center, and 
 
• Federal Emergency Management Agency. 
 
Additional information was obtained via in-person, email, or phone communications with the 
following individuals. 
 
• Paul Thompson, Northern Region Aquatics Manager, Utah Division of Wildlife 
Resources 
 
• Matthew McKell, Regional Cutthroat Biologist, Utah Division of Wildlife Resources 
 
• Bob Fotheringham, Cache County Water Manager 
 
• Dr. Bethany Neilson, Civil and Environmental Engineering, Utah State University 
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• Dr. Jeffery S. Horsburgh, Civil and Environmental Engineering, Utah State University 
 
• Will Atkin, Northern Regional Engineer, Utah Division of Water Rights 
 
• Dr. David Rosenberg, Civil and Environmental Engineering, Utah State University 
 
• Jim DeRito, Trout Unlimited 
 




The Little Bear River study area encompasses the entire length of the stream from its headwaters 
to its confluence with Cutler Reservoir (Figure 1). For the purposes of this report, the study area 
was broken into six distinct study reaches (Table 1). Reaches were broken at major tributary 
confluences, dam locations, and at the natural geomorphic slope break that occurs toward the 
downstream end of the study area. 
  
The headwaters of the Little Bear River watershed begin in the Bear River Mountains in Cache 
County at an elevation of approximately 9,000 feet (BOR 2004). Much of the upper watershed is 
federally owned and managed by the Wasatch-Cache National Forest, while most of the lower 
watershed is privately owned. Agriculture, rangelands, and recreation are the major land uses in 
the watershed (USU 2014). The watershed includes the towns of Avon, Paradise, Hyrum, and 
Wellsville (Figure 1). The population of Cache County has grown rapidly in recent decades, with 
significant amounts of agricultural land being converted to residential and commercial 




LB1. Reach 1: East Fork from Headwaters to Porcupine Reservoir 
 
Hydrology 
Streamflow information for the East Fork of the Little Bear River (East Fork) was collected from 
1963–1986 at USGS gage #10104900 located just upstream from Porcupine Reservoir (Figure 
2). This reach drains about 60 square miles of mountainous, relatively undeveloped land that is 
primarily managed by the Wasatch-Cache-Uinta National Forest. The subwatershed draining to 
this reach encompasses a range in elevation from just above 9,000 feet at the headwater 
ridgelines down to the Porcupine Reservoir lake level at 5,381 feet (UDWQ 2000a). 
 
The hydrology of the East Fork is dominated by springtime snowmelt runoff (Figure 3). During 
the fall, winter, and summer months, flows on the East Fork are typically much lower than 
during spring, although occasional rain or rain-on-snow events can cause some spikes. Average 
monthly flows for the East Fork, South Fork and mainstem Little Bear River are shown in Figure 
4. 
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Figure 1. Little Bear River location and watershed area map. 
  
BIO-WEST, Inc. Little Bear and Blacksmith Fork Rivers 
October 2015 5 Environmental Flows: Background Report 
Table 1. Little Bear River study reaches. 







Reach 1: Upper 
East Fork 
East Fork Little Bear 
River from headwaters 
to Porcupine Reservoir 
65 Porcupine Creek, Cinnamon Creek Not applicable 
Reach 2: Lower 
East Fork 
East Fork Little Bear 
River from Porcupine 
Dam to South Fork 
confluence 
90 Not applicable 
Jackson Ditch (Highline 
Canal); Paradise Canal; 
Hyrum Canal 
Reach 3: South 
Fork 
South Fork Little Bear 
River 68 Davenport Creek Hyrum Canal 
Reach 4: Upper 
Little Bear 
Little Bear River from 
East Fork/South Fork 
confluence to Hyrum 
Reservoir 
217 Not applicable Trout pond diversion/return 
Reach 5: Middle 
Little Bear 
Little Bear River from 
Hyrum Dam to 
Wellsville wastewater 
ponds 




Lower Canal; Hyrum 
Feeder Canal 
Reach 6: Lower 
Little Bear 
Little Bear River from 
Wellsville wastewater 
ponds to Cutler 
Reservoir 
300 Spring Creek Various return flows 
a Drainage areas determined using StreamStats (USGS 2015). 
 
No major water diversions or other hydrologic alterations are known to be present in this 
subwatershed. The Utah Division of Water Rights’ (DWRT’s) database only shows two points of 
surface diversion in this area, and they are both privately-held, minor water rights to headwater 
springs. This area was ranked as having “low water demand” and “moderately low water 
control” in the UDNR/BLM aquatic intactness model (UNDR and BLM 2014.) During our 
August 6, 2015 site visit, we visited the stream at the location of the now-inactive USGS gage 
and estimated flow to be approximately 10 cfs (photographs of each site visited during the field 
reconnaissance are available on the attached CD). 
 
Hydraulics and Geomorphology 
No hydraulic models or flood hazard maps are known to be available for this reach. Fisheries 
surveys completed by UDWR note the presence of a natural fish barrier in Cinnamon Creek 
(UDWR 2015a), but no other disruptions to longitudinal connectivity are noted.  
 
No topographic survey data or geomorphic studies are known to be available for upper East 
Fork. In general, channel planform appears to be relatively unaltered, although there are several 
areas where the riparian floodplain width is reduced by the proximity of the access road up the 
canyon and by developed recreation areas/scout camps. In some places, the access road 
embankment limits lateral floodplain connectivity. Several minor scout camp access roads cross 
the channel in this reach, and may have a localized effect on floodplain width and connectivity. 
This area was ranked as moderate in terms of near-stream road and railroad density in the 
UDNR/BLM aquatic intactness model (UNDR and BLM 2014).  
BIO-WEST, Inc.  Little Bear and Blacksmith Fork Rivers  
October 2015  6 Environmental Flows: Background Report 
 
Figure 2. Map of Little Bear Reach 1: Upper East Fork. 
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Figure 3.  Typical East Fork Little Bear River hydrographs (data from USGS gage 
10104900). 
 
Figure 4.  Average monthly flows for South Fork (gage 10104700, 1961–1992), 
East Fork (gage 10104900, 1964–1986) and Little Bear River (gage 
10105900, 1993–2014).  
 
According to the StreamStats report for gage 10104900, the average slope draining to the gage is 
180 ft/mi or about 3.4% (USGS 2015). Based on observations of the channel in the area just 
upstream of Porcupine Reservoir during the August 6, 2015 reconnaissance visit, the stream 
appears to be a moderately steep, low sinuosity channel with cobble-gravel substrate. No signs of 
excessive aggradation, incision, erosion, or other indicators of geomorphic disequilibrium were 
apparent (Figure 5). However, these observations were qualitative and very limited in extent.   
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Figure 5. East Fork of the Little Bear River in the vicinity of inactive USGS gage  
  10104900. 
 
Water Quality 
Throughout the study area, Little Bear River (including East Fork and South Fork) is listed as a 
class 2B (secondary contact recreation); 3A (cold water game fish and organisms in their food 
Chain); 3D (waterfowl, shore birds, and other water-oriented wildlife); and 4 (agricultural uses) 
stream by the Utah Division of Water Quality (UDWQ). The corresponding designated 
beneficial uses are secondary contact recreation, cold water aquatic life, waterfowl and shore 
birds, and agricultural uses. 
 
The upper East Fork area was ranked as having “moderately” high water quality in the 
UDNR/BLM aquatic intactness model (UNDR and BLM 2014). A TMDL to address 
impairments associated with high phosphorus concentrations has been completed for the Little 
Bear River main stem downstream from the East Fork confluence (UDWQ 2000b); however, the 
East Fork is not currently listed as having any water quality impairments (UDWQ 2014). 
 
High mercury concentrations were found in brown trout at Porcupine Reservoir, and a fish 
consumption advisory is in effect for the Reservoir (UDWQ 2014). The UDWQ operates a water 
quality monitoring station (STORET 490583) at the location of the inactive USGS gage in this 
reach (Figure 2). 
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Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this reach. Our limited 
observations of the reach during the August 6 reconnaissance visit noted a well-developed 
riparian vegetation community with a diverse mix of native shrubs and trees. Species observed 
included willow, cottonwood, and birch (Figure 5). Review of aerial imagery indicates that the 
width and density of the riparian corridor is reduced by road proximity and developed scout 
camp recreation areas. 
 
In 2004, fisheries sampling was completed by Utah Division of Wildlife Resources (UDWR). 
Sampling stations were located in the Scare Canyon area of East Fork and on Cinnamon Creek, a 
tributary to East Fork (Figure 2). In Scare Canyon, biologists reported finding Bonneville 
cutthroat trout, rainbow trout and rainbow-cutthroat hybrids in good densities. Fewer rainbow 
trout were noted than Bonneville cutthroat (UDWR 2015a). On Cinnamon Creek below the 
natural fish barrier, biologists found these same trout species plus brown trout, and also noted the 
presence of sculpin and mountain sucker. Bonneville cutthroat and rainbow trout were captured 
in the highest densities, at 395 and 231 fish/mile, respectively (UDWR 2015a). Above the fish 
barrier, Cinnamon Creek and its tributaries support a genetically pure Bonneville cutthroat trout 
population (UDWR 2015a). 
 
Porcupine Reservoir is home to a population of Kokanee salmon. In the fall, these fish migrate 
up East Fork to spawn (USU 2014). Based on annual spawning counts conducted by UDWR 
since 1983, on average more than 3,500 Porcupine Reservoir Kokanee spawn each year (P. 
Thompson, UDWR Northern Region Aquatics Manager, pers. comm. 9/2015). Rainbow trout are 
also present in Porcupine Reservoir. UDWR stocks 22,000 sterile 3-inch rainbow trout into 
Porcupine reservoir on an annual basis in the springtime (P. Thompson, UDWR Northern Region 
Aquatics Manager, pers. comm. 9/2015). 
 
Summary 
Based on existing available information, it appears that the current flow regime on the upper East 
Fork remains relatively unaltered. Hydrologic data collected at now-inactive USGS gage 
10104900 have an adequately long period of record of 22 years and could be used to generate 
hydrology-based instream flow recommendations for this study reach. 
 
LB2. Reach 2: Lower East Fork 
 
Hydrology 
Streamflow information for the lower East Fork was collected from 1939–1950 at USGS gage 
#10105000 located just downstream from Porcupine Dam (Figure 6). This gage is located near 
the upstream end of this study reach and does not capture the entire watershed area draining to 
the reach. In addition, the gage only collected data prior to the construction of Porcupine Dam in 
1964 and therefore does not represent current hydrologic conditions. 
 
Flows on lower East Fork are influenced by Porcupine Reservoir. Porcupine Dam is an earth-fill 
structure completed in 1964 by the Porcupine Reservoir Company for irrigation storage and 
flood control (Toth et al. 2007). The reservoir is privately owned and operated, and provides 
12,500 acre feet of storage capacity with a surface area of 190 acres (UDWQ 2000a). The   
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Figure 6. Map of Little Bear Reach 2: Lower East Fork. 
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reservoir is used to store wintertime and springtime flows that are released during the summer to 
provide irrigation water.  
 
Flow release data for the Porcupine Reservoir outlet are available through the DWRT database. 
However, the data appear to only be available for May through October. No data are available 
for the late fall, winter, or early spring months (DWRT 2015). Based on a brief review of 
releases in 2012–2014, flows between 45–69 cfs are typically released from the dam during June, 
July and August, while releases in May and September are only about 15 cfs (DWRT 2015). 
Additional analysis and coordination with the operators of Porcupine Dam would be needed to 
accurately determine current flow release patterns from the reservoir. However, it appears that 
the reservoir is operated such that most of the high flows that enter the reservoir in May are 
captured for release later in the summer when irrigation demands are high. Historically, it is 
known that the Porcupine Reservoir water master would release minimum flows on the order of 
3–5 cfs during the winter to maintain downstream fish habitat (B. Fotheringham, Cache County 
Water Manager, pers. comm. 9/2015). Pole Canyon, a tributary that enters from the south just 
below the dam (Figure 6), also supplies water to East Fork.  
 
Some additional information about the hydrology of the lower East Fork is available from a 
monitoring station (“LBR-EFLower”) operated Utah State University (USU) at the Paradise 
Canal diversion (Figure 6). Gage height data were collected and calibrated at this site for the 
time period August 2007 through January 2009; however, these data were not able to be 
converted into discharge values because of frequent disturbance of the streambed associated with 
maintenance of the Paradise Canal intake. 
 
During our August 6, 2015 site visit, we visited the stream at the location of now-inactive USGS 
gage 10105000 and visually estimated total flow to be approximately 37 cfs above the Jackson 
Ditch diversion. We estimated that about 25 cfs was being conveyed down the ditch and 12 cfs 
remained in the channel below the Jackson diversion. Near the bottom of this reach, just above 
the SR-165 road crossing, streamflow appeared to be 0 cfs although some stagnant water was 
present. Return flow from a pipe on the northeast side of the SR-165 road crossing supplied an 
estimated 10 cfs back to the stream. 
 
Three significant water diversions are present in this reach. From upstream to downstream order, 
these diversions include Jackson Ditch (also called Highline Canal), Paradise Canal, and Hyrum 
Canal (Figure 6). 
 
Porcupine Reservoir Company holds a 58 cfs water right (WR 25-8266) to water from Porcupine 
Reservoir. Paradise Irrigation Company owns a 38 cfs water right (WR 25-1551). Hyrum 
Irrigating Company, Inc. owns water rights of 30 cfs (WR 25-2037) and 15 cfs (WR 25-2039). 
The UDWR owns 1,000 acre feet of dead storage and 500 acre feet of active storage for a total 
conservation pool of 1,500 acre feet in Porcupine Reservoir. The possibility exists that the 500 
acre feet of active storage could be utilized to provide environmental flows. 
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The East Fork of the Little Bear River transitions from a confined canyon setting to a less 
confined valley setting within this study reach. Often, as mountain streams exit canyons, surface 
water infiltrates into the coarse-grained unconsolidated valley sediments and flow is “lost” to 
groundwater through seepage. However, seepage studies completed in November 1990 found 
that no notable losses to groundwater occurred in the canyon-to-valley transition zone of the 
Little Bear River, probably due to the incised nature of the system (Kariya et al. 1994). 
 
Hydraulics and Geomorphology 
Longitudinal connectivity in the reach is interrupted by the three major diversion structures for 
the Jackson Ditch, Paradise Canal, and Hyrum Canal. These structures may create barriers to fish 
passage, at least at certain flow levels. 
 
No comprehensive topographic survey data or geomorphic studies are known to be available for 
lower East Fork. Based on review of available aerial photography, channel planform currently 
appears relatively natural with the exception of an unusually straight-looking section in the 
middle of the reach. This straight section may be a relic of extensive channel straightening that 
occurred below Porcupine Reservoir following large floods in 1983 (Burnett 2005). Additional 
channel straightening may also have historically occurred to accommodate agricultural fields. It 
is not known whether or not any levees that would limit lateral floodplain connectivity are 
currently present in this reach. Approximately three roads crossings occur in this reach. 
 
Maps of FEMA 100-year floodplains, updated in 2011, are available through Cache County for 
this study reach (Cache County 2015). The maps show that flood prone width averages about 
350 feet in the upper canyon section and increases to about 500 feet wide in the downstream 
section of the reach (Figure 6). However, the FEMA flood zones in this reach are mapped as 
Zone A areas, where detailed hydraulic analyses have not been performed (FEMA 2011). 
Additional field investigations would be needed to more fully understand the extent to which 
lateral connectivity is impeded in this reach. 
 
We observed the lower East Fork near the Jackson Ditch Diversion during an August 6, 2015 
reconnaissance visit. At this location, the stream appears to have predominantly cobble-sized 
substrate, a moderately-steep gradient, and relatively low sinuosity (Figure 7). We also observed 
the channel at the SR-165 road crossing. Channel gradient decreases and sinuosity increases in 
the lower portions of this reach once East Fork exits the canyon, and substrate material size 
appears to decrease (Figure 8). 
 
No signs of excessive aggradation, incision, erosion, or other indicators of geomorphic 
disequilibrium were noted at either of the locations visited during the August 6, 2015 
reconnaissance. However, streambank erosion has historically been a problem in agricultural 
portions of the watershed. One of the target endpoints identified in the 2000 Little Bear TMDL 
was restoration of stability to 10 miles of streambank along the Little Bear River and its 
tributaries to reduce sediment and associated phosphorus loads (UDWQ 2000b). 
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Figure 7. East Fork of the Little Bear River in the vicinity of the  
 Jackson Ditch (Highline Canal) Diversion. 
 
 
Figure 8. East Fork of the Little Bear at the SR-165 road crossing. 
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In 1990, the UDWR purchased the portion of the East Fork below Porcupine Reservoir and 
currently manages this stream section as a Wildlife Management Area (WMA) (Figure 6). At the 
time of the land purchase, the lower East Fork was experiencing bank erosion and channel 
incision problems due to destabilization caused by post-flood channelization activities. To 
address these stability problems, UDWR completed a channel rehabilitation project in 1996 
(Burnett 2005). Rehabilitation activities included re-establishing meander bends, pools, and 
riffles, and installing vortex rock weirs and J-hook vanes (Burnett 2005). These activities 
significantly altered the geomorphology of this section of the East Fork. Burnett (2005) also 
notes that beaver dams constructed since completion of the rehabilitation project have further 
altered geomorphic conditions. 
 
Water Quality 
Designated beneficial uses are the same as Reach 1 and the East Fork is not currently listed as 
having any water quality impairments (UDWQ 2014). The UDWQ operates a water quality 
monitoring station (STORET 490575) near the SR-165 road crossing near the downstream end 
of this reach. Data are also available for the time period 2007–2015 at the USU monitoring 
device at the Paradise Canal diversion, with quality-assured data available from 2007–2009. 
Parameters measured at the USU station include temperature, dissolved oxygen, specific 
conductivity, pH, and turbidity. Preliminary review of these available data indicate healthy water 
quality conditions. Water temperature at this site is typically well below the state cold-water 
fishery standard of 20 degrees C, and dissolved oxygen levels are above the 30-day standard of 
6.5 mg/L even during the summer months (Appendix A). 
 
Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this reach. Our limited 
observations of the reach during the August 6 reconnaissance visit noted a well-developed 
riparian vegetation community with a diverse mix of native shrubs and trees. Species observed 
included willow, cottonwood, and box elder (Figures 7 and 8). Review of aerial imagery 
indicates that the width and density of the riparian corridor in this reach is periodically reduced 
by the proximity of agricultural fields. 
 
Since 1990, the UDWR has owned and managed a portion of this reach as the East Fork Little 
Bear River WMA. The UDWR has completed frequent fisheries sampling on the lower East 
Fork reach and has considerable data for the time period 1996–2008. Brown trout are the 
management focus in this reach, and have been found present in densities between 750 to 2,000 
fish per mile (UDWR 2015a). Sculpin, rainbow trout, and Bonneville cutthroat trout are present 
in small numbers. 
 
Summary 
This reach of the East Fork has a substantially altered hydrologic regime. The reach can be 
divided into three major hydrologic sub-sections. In the short section between Porcupine Dam 
and the Jackson Ditch (Highline Canal) diversion (sub-section1), the East Fork experiences 
reduced springtime flood peaks, increased summertime flows, and reduced wintertime base 
flows. Between the Jackson Ditch (Highline Canal) diversion and Paradise Canal diversion (sub-
section 2), the river also experiences reduced springtime flood peaks and winter base flows. 
Because of the significant water diversions into the Highline Canal, summertime flows in sub-
BIO-WEST, Inc. Little Bear and Blacksmith Fork Rivers 
October 2015 15 Environmental Flows: Background Report 
section 2 are probably reduced relative to the natural flow regime; however, additional analysis 
and collection of hydrologic information would be needed to fully understand this alteration. In 
the downstream-most sub-section below the Paradise Canal diversion (sub-section 3), the 
channel is commonly dewatered during the summer irrigation season.  
 
Easily usable hydrologic data are lacking for this study reach. Some data for the canals and for 
Porcupine Reservoir Outlet are available via the DWRT online database, but the data are 
incomplete and cannot be quickly imported and analyzed without sorting and manipulation. 
 
LB3. Reach 3: South Fork 
 
Hydrology 
Streamflow information for the South Fork of the Little Bear River (South Fork) was collected 
from 1961–1992 at USGS gage #10104700 located between the Davenport Creek confluence and 
the confluence with East Fork (Figure 9). This reach drains about 68 square miles and 
encompasses a range in elevation from just above 9,000 feet at the headwater ridgelines down to 
about 5,000 feet at the confluence with East Fork. 
 
As with East Fork, the hydrology of the South Fork is dominated by springtime snowmelt runoff 
(Figure 10). During the fall, winter, and summer months, flows on the South Fork are typically 
much lower than during spring, although occasional rain or rain-on-snow events can cause some 
spikes. Average monthly flows for the East Fork, South Fork and mainstem are shown in Figure 
4. Flows on South Fork are typically higher than on East Fork, except in April and May. 
 
Davenport Creek is a major tributary to South Fork. Although no gage data are available for 
Davenport Creek, a gage (USGS 10104600) did operate on South Fork upstream of the 
Davenport Creek confluence for about 8 years. Based on that data, mean annual flow on South 
Fork above Davenport Creek is about 26.9 cfs, while below Davenport Creek at gage 10104700 
the mean annual flow of South Fork is 57.3 cfs. This suggests that Davenport Creek supplies 
more than half of the flow to lower South Fork. During our August 6, 2015 site visit, we visually 
estimated flow on lower Davenport Creek to be 6 cfs, while our estimate on South Fork above 
Davenport Creek was only 2.5 cfs. 
 
Some additional information about the hydrology of South Fork is available from monitoring 
stations operated by USU at locations above (“LBR-SFUpper”) and below (“LBR-SFLower”) 
Davenport Creek (Figure 6). Gage height and discharge data were collected and calibrated at this 
site for the time period 2007–2012 (Appendix A). 
 
A number of water diversions alter flows on South Fork. Just downstream from USGS gage 
10104700, South Fork flows are diverted into Hyrum Canal (Figure 9). This diversion is 
significant and can greatly deplete flows in the lower mile of South Fork during the summer 
irrigation season. Fisheries sampling by UDWR in July 2014 measured flow in this section at 
only 1.8 cfs (UDWR 2015b). The DWRT database also shows several smaller points of diversion 
farther upstream on South Fork that are associated with privately-owned water rights to springs 
and to the South Fork proper. 
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Figure 9.  Map of Little Bear Reach 3: South Fork. 
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Figure 10.  Typical South Fork Little Bear River hydrographs (data from USGS  
 gage 10104700). 
 
The DWRT database shows four privately-owned water rights on Davenport Creek (also known 
as Southeast Fork Little Bear River) totaling about 5 cfs. The point of diversion for these water 
rights is located about 1 mile upstream from the confluence with South Fork. 
 
Trout Unlimited (TU) is currently formalizing a water lease of about 1.4 cfs on the South Fork of 
the Little Bear for a 10-year period. This water will stay instream from the Hyrum Canal 
downstream to the next surface diversion, a distance of about 4 miles, during the entirety of the 
irrigation season. This water lease was in exchange for irrigation improvements made on the 
water user’s ranch by TU and partners. The Utah legislature authorized private fishing groups 
like TU to lease water to protect and restore stream flows to benefit Utah’s native trout in 2008. 
That authorizing legislation, codified at Section 73-3-30 of the Utah Code, sets up a 10-year pilot 
program to test this legal authority, which expires in 2018 unless the legislature acts to make it 
permanent.  
 
The South Fork of the Little Bear River transitions from a confined canyon setting to a less 
confined valley setting within this study reach. Often, as mountain streams exit canyons, surface 
water infiltrates into the coarse-grained unconsolidated valley sediments and flow is “lost” to 
groundwater through seepage. However, seepage studies completed in November 1990 found 
that no notable losses to groundwater occurred in the canyon-to-valley transition zone of the 
Little Bear River, probably due to the incised nature of the system (Kariya et al. 1994). 
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Hydraulics and Geomorphology 
No hydraulic models or flood hazard maps are known to be available for this reach. Longitudinal 
connectivity in the reach is interrupted by the Hyrum Canal diversion structure. This structure 
may create a barrier to fish passage, at least at certain flow levels. Several beaver dams are 
apparent in aerial photography and may also create passage barriers on South Fork at certain 
flows. 
 
Some limited geomorphic data were collected on South Fork in September 2012 by aquatic 
ecology students at Utah State University (Wurtsbaugh et al. 2013). Pebble count measurements 
at a station located on South Fork about 3.5 miles upstream of Davenport Creek found a median 
substrate particle size of 45 mm, and many particles with diameters greater than 128 mm were 
also noted at that station (Wurtsbaugh et al. 2013). These measurements indicate that the 
substrate is dominated by gravel and cobble-sized particles. Sinuosity measurements completed 
in ArcGIS as part of this effort found that the sinuosity of South Fork is about 1.2 (Wurtsbaugh 
et al. 2013). Wurtsbaugh et al. (2013) report channel width on South Fork as 3 ft wide at its 
headwaters and about 10 ft wide at the station 3.5 miles upstream of Davenport Creek. 
According to the StreamStats report for gage 10104700, the average slope draining to the gage is 
222 ft/mi or about 4% (USGS 2015). 
 
Based on review of available aerial imagery, the channel planform of South Fork appears to be 
relatively unaltered, although there are several areas where agricultural fields border the channel 
and some straightening or realignment may have occurred to accommodate pasture land. The 
channel alignment is paralleled by SR-165 up South Canyon, but in general the road does not 
appear to significantly limit lateral floodplain connectivity. Approximately 4 road crossings 
occur on South Fork. 
 
Maps of FEMA 100-year floodplains, updated in 2011, are available through Cache County for 
the downstream portion of this study reach (Cache County 2015). The maps show that flood 
prone width varies significantly through this reach, ranging from about 140 feet wide in the 
narrowest sections to more than 1,000 feet wide in the less confined sections (Figure 9). 
However, the FEMA flood zones in this reach are mapped as Zone A areas, where detailed 
hydraulic analyses have not been performed (FEMA 2011). Additional field investigations would 
be needed to more fully understand the extent to which lateral connectivity is impeded in this 
reach. 
 
We observed this reach about 1.5 miles upstream from Davenport Creek during an August 6, 
2015 reconnaissance visit. Beaver activity was evident at this location, and the stream appears to 
have fine-grained sediments in pool areas and cobble-sized substrate in riffle areas (Figure 11) 
No signs of excessive aggradation, incision, erosion, or other indicators of geomorphic 
disequilibrium were noted in this location. However, streambank erosion has historically been a 
problem in agricultural portions of the watershed. One of the target endpoints identified in the 
2000 Little Bear TMDL was restoration of stability to 10 miles of streambank along the Little 
Bear River and its tributaries to reduce sediment and associated phosphorus loads (UDWQ 
2000b). 
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Figure 11. South Fork Little Bear River above Davenport Creek. 
 
Water Quality 
Designated beneficial uses are the same as for East Fork. South Fork is not currently listed as 
having any water quality impairments (UDWQ 2014). The UDWQ operates several water 
quality monitoring stations in this reach (Figure 9). One station (STORET 490576) is located on 
South Fork above Davenport Creek, another (STORET 490577) is located on Davenport Creek 
at the SR-165 road crossing, and a third (STORET 490574) is located on lower South Fork 
below the Hyrum Canal diversion. Exceedences of water quality parameters have been 
documented at this downstream station, but available data are considered insufficient to list the 
stream as impaired (UDWQ 2014). Similarly, Davenport Creek is not currently listed as 
impaired, but is listed as needing “further investigation” in the latest Utah assessment report 
(UDWQ 2014). 
 
Data are also available for the time period 2007–2015 at the USU monitoring devices above and 
below Davenport Creek, with quality-assured data available from 2007–2009. Parameters 
measured at the USU stations include temperature, dissolved oxygen, specific conductivity, pH, 
and turbidity. Preliminary review of these available data indicate generally healthy water quality 
conditions. Water temperature at the upper site remains below the state cold-water fishery 
standard of 20 degrees C, and dissolved oxygen levels are consistently above the 30-day standard 
of 6.5 mg/L even during the summer months (Appendix A). At the lower site located below 
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Davenport Creek, water temperatures increase relative to the upper site but still generally remain 
below the state standard. Dissolved oxygen conditions remain above the state standard at the 
lower monitoring site (Appendix A). 
 
Wurtsbaugh et al. (2013) analyzed available water temperature data at a station on South Fork 
below Davenport Creek and above the Hyrum Canal diversion. The highest average monthly 
temperature occurred in August and was about 13 degrees C, which is well below the Utah cold 
water fishery standard of 20 degrees C. However, the average monthly values were only based 
on data collected during 2011, which was a wet water year when flows were higher than average.  
 
Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this reach. Our limited 
observations of the reach during the August 6 reconnaissance visit noted a well-developed 
riparian vegetation community with a diverse mix of native shrubs and trees. Species observed 
included willow, cottonwood, and box elder (Figure 11). Review of aerial imagery indicates that 
the width and density of the riparian corridor in this reach is periodically reduced by the 
proximity of agricultural fields and grazing land. 
 
Fisheries sampling was conducted on the South Fork at a station about 3.5 miles upstream of 
Davenport Creek in October 2012. This sampling found 64 brown trout, 63 mottled sculpin, and 
2 Bonneville cutthroat trout (Wurtsbaugh et al. 2013). Previous sampling in 2002 and 2008 by 
UDWR found brown trout to be the most abundant fish, with low densities of BCT also present 
(UDWR 2015a). The South Fork subwatershed is managed by UDWR as a “BCT 
metapopulation.” 
 
UDWR conducted additional sampling at two locations on South Fork in July 2014 (UDWR 
2015b). At the lower station, located downstream from the Hyrum Canal diversion, a moderate 
population of brown trout was sampled and no BCT were captured. At the upstream sampling 
station, only one BCT was captured, and a large population of brown trout was sampled. Sculpin 
were abundant at both stations. These recent sampling results suggest a decreasing trend in BCT 
and an upward trend in brown trout populations on South Fork. 
 
UDWR has also completed fisheries sampling on Davenport Creek and its tributaries. Significant 
numbers of BCT have been found in Davenport Creek and in a main tributary, Wellsville Creek; 
BCT have also been sampled in three other smaller tributaries to Davenport Creek (UDWR 
2015a). Genetic testing of Davenport Creek BCT collected in 2003 found that the BCT were 
100% pure. The most recent UDWR fisheries sampling was completed in 2014 and, as with 
South Fork, Davenport Creek shows evidence of a decreasing trend in BCT abundance and an 
increasing trend in the brown trout population (UDWR 2015b). In contrast, the 2014 sampling 
results in Wellsville Creek indicate that a healthy BCT population continues to persist and 
outnumber brown trout. The sampled 2014 BCT density in Wellsville Creek was 996/mile, up 
from 592/mile in 2008 (UDWR 2015b). Brown trout abundance was much lower, at 161/mile in 
2014 and only 16/mile in 2008 (UDWR 2015b). Sculpin are also common in both Davenport and 
Wellsville Creeks. 
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Summary 
In terms of hydrologic alterations, the South Fork Little Bear River can be divided into two sub-
sections. Above the Hyrum Canal diversion (sub-section 1), the existing hydrologic regime of 
South Fork remains largely unaltered. Flow records collected at the now-inactive USGS gage 
10104700 provide robust hydrologic data for this reach, although additional data would need to 
be collected to fully understand the significance of inflows from Davenport Creek and the effects 
of the diversion located on Davenport Creek. 
 
Below the Hyrum Canal diversion (sub-section 2), the South Fork is commonly de-watered 
during the summer irrigation season. Easily-usable hydrologic data are lacking for this sub-
section of South Fork. Some flow data may be available for UDWQ monitoring site #490574, 
but temporal richness of UDWQ data tends to be poor and flow measurement/estimation 
methods are not necessarily consistent or accurate. Hyrum Canal flow records are available 
through DWRT, but it would be time consuming to import, analyze, or compare these data to 
USGS South Fork flow records. 
 
LB4. Reach 4: Upper Little Bear 
 
Hydrology 
This reach of the Little Bear River has a drainage area of about 217 square miles and extends 
from the confluence of East Fork and South Fork down to Hyrum Reservoir. Two USGS gages 
have recorded streamflows in this reach. Gage #10106000 operated from 1938–1986 at a 
location about 1 mile above Hyrum Reservoir. Mean annual discharge for the period of record at 
this site was 102.8 cubic feet per second. Gage #10105900, located about 2 miles above Hyrum 
Reservoir at the Pisgah Road crossing, began operation in 1991 and remains active (Figure 12). 
Utah State University (USU) also operated a monitoring device (“LBR-Confluence”) on the 
downstream side of the West Canyon Road bridge (Figure 12); 30-minute discharge data are 
available from November 2007 through May 2012 at this site. 
 
As with East Fork and South Fork, the hydrology of the upper Little Bear River is dominated by 
springtime snowmelt runoff. Monthly flows are highest in April, May and June (Figure 4). The 
largest instantaneous flow recorded at gage #10106000 was 2,250 cfs during a rain-on-snow 
event in February 1986. The largest recorded mean daily flow was 1,510 cubic feet per second 
during snowmelt runoff in May 1984. 
 
As would be expected, monthly flows on the main stem Little Bear River are typically higher 
than on its tributaries; however, the average July and August flows on the main stem are less 
than the combined totals on East and South Fork (Figure 4). This is indicative of the influence of 
all the upstream water diversions that withdraw flows for irrigation purposes. These include 
diversions to Jackson Ditch (Highline Canal), Paradise Canal, and Hyrum Canal that remove 
water from lower East Fork; the Hyrum Canal diversion on South Fork (Figures 9 and 6). There 
is also a diversion for private trout ponds on the main stem Little Bear River, but the return flow 
from the trout ponds enters the channel immediately upstream from gage #101059000 and 
therefore the gage record is not reflective of flows in the stream section affected by trout pond 
flow withdrawals.  
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Figure 12.  Map of Little Bear Reach 4: Upper Little Bear River. 
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Flows for the trout ponds are diverted at a point about 1 mile upstream of the Pisgah Road 
crossing, and return to the Little Bear River via an outfall located on the east side of the channel 
immediately above the Pisgah Road bridge and USGS gage #10105900. Approximately 1.1 
miles of the Little Bear River are affected by the trout pond diversion (Figure 12). The DWRT 
database lists four Little Bear River water rights for Trout of Paradise, totaling 20 cfs. These 
water rights (WR25-567, 25-1359, 25-1857 and 25-1351) are for 6, 2, 2, and 10 cfs, respectively. 
Based on flow records at gage #10105900, flows in the Little Bear River are 22 cfs or less about 
20% of the time (USGS 2015, Wolock 2003). This suggests that if the full 20 cfs trout pond 
water right is being diverted, at times only 2 cfs or less may remain in the stream section affected 
by the withdrawals for the trout ponds. It is the understanding of the Cache County Water 
Manager that the trout pond diversion structure is operated as a dry dam at least during certain 
times of the year (B. Fotheringham, Cache County Water Manager, pers. comm. 9/2015). 
 
Because of the need to deliver water for the trout pond diversion, the section of this reach 
upstream from the trout pond diversion typically maintains adequate year-round flows (UDWR 
2015a). The minimum flow recorded between 2007–2012 at the USU-LBR-Confluence 
monitoring site was 3 cfs, further suggesting that the upper section of this reach is not typically 
dewatered. Similarly, the return flows from the trout ponds typically provide minimum flows 
adequate to prevent dewatering of the lower portion of the reach downstream from Pisgah Road. 
 
During our August 6, 2015 reconnaissance visit, we estimated flows to be 5 cfs in the upper 
portion of the reach at the West Canyon Road and 10175 South crossings. Flows recorded farther 
downstream on that day at USGS gage #10105900 were 16 to 17 cfs. This discrepancy suggests 
that the stream may gain some flow in this part of the reach, possibly from irrigation return flows 
or spring inputs; or, it is also possible that the trout pond return flows on that day were greater 
than the instream flows above the trout pond diversion. Additional research into the trout pond 
diversion and return flow operations would be needed to fully understand how the trout ponds 
affect streamflows on the Little Bear River in this reach. 
 
Hydraulics and Geomorphology 
Longitudinal connectivity in the reach is interrupted by the trout pond diversion structure. This 
structure is known to create a barrier to upstream fish movement (UDWR 2015a).  
 
Some limited geomorphic data were collected in this reach in September 2012 by aquatic 
ecology students at Utah State University (Wurtsbaugh et al. 2013). Pebble count measurements 
at a station located about 0.6 mile above Hyrum Reservoir found a median riffle substrate 
particle size of 16 mm (Wurtsbaugh et al. 2013). These measurements indicate that the substrate 
is dominated by gravel-sized particles and is finer-grained than substrates on East Fork and 
South Fork. Sinuosity measurements completed in ArcGIS as part of this effort found that the 
sinuosity in this reach ranged from about 1.2 to 1.3 (Wurtsbaugh et al. 2013). Wurtsbaugh et al. 
(2013) report channel width at the site just above Hyrum Reservoir as about 26 ft wide.  
 
Land use adjacent to the river in this reach is largely agricultural, and it appears that some 
straightening and realignment of the channel has historically occurred to accommodate farm 
fields. According to a write-up on the Whites Ranch website, the main river channel was moved 
from the center of the valley to the base of the western hillslopes sometime around the 1920’s. 
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This realignment was performed to minimize damage from springtime floods to agricultural 
lands (Whites Ranch 2015). 
 
Approximately four road crossings occur on in this reach. While no tall, prominent levees are 
apparent, the streambanks in at least some parts of the reach appear tall and steep (Figure 13), 
likely as a result of historical channelization activities. These steep banks limit lateral 
connectivity. Maps of FEMA 100-year floodplains, updated in 2011, are available through Cache 
County; these show that flood prone width varies significantly through this reach, ranging from 
80–100 feet wide in the narrowest sections to more than 1500 feet wide in the less confined 
sections (Cache County 2015). However, the FEMA flood in this reach are mapped as Zone A 
areas, where detailed hydraulic analyses have not been performed (FEMA 2011). Additional 
field investigations would be needed to more fully understand the extent to which lateral 
connectivity is impeded in this reach. 
 
 
Figure 13. Upper Little Bear River at USGS gage #10105900 (Pisgah Road  
 crossing), looking upstream. 
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During our August 6, 2015 reconnaissance visit, we observed this reach at the West Canyon, 
10175 South, and Pisgah Road crossings. No signs of excessive aggradation, incision, erosion, or 
other indicators of geomorphic disequilibrium were noted in these locations. However, 
streambank erosion has historically been a problem in agricultural portions of the watershed. One 
of the target endpoints identified in the 2000 Little Bear TMDL was restoration of stability to 10 
miles of streambank along the Little Bear River and its tributaries to reduce sediment and 
associated phosphorus loads (UDWQ 2000b). 
 
Water Quality 
Throughout the study area, Little Bear River is listed as a class 2B, 3A, 3D, 4 stream by the Utah 
Division of Water Quality (UDWQ). The corresponding designated beneficial uses are secondary 
contact recreation, cold water aquatic life, waterfowl and shore birds, and agricultural uses. 
 
In 2000, UDWQ completed a TMDL to address impairments to the cold water aquatic life (3A) 
beneficial use in the due to exceedences in total phosphorus (UDWQ 2000b). Based on data 
collected between 1977–1992 at UDWQ monitoring site 490570 (Figure 12), total phosphorus 
(TP) concentrations exceeded the state indicator level of 0.05 mg/L 31% of the time. At 
monitoring site 490567, below the trout pond return, TP concentrations exceeded the indicator 
level 80% of the time (UDWQ 2000b). In the reach above Hyrum Reservoir, Trout of Paradise is 
a regulated point source and holds a UPDES discharge permit (UTG130015). This point source 
was identified as contributing 2.83 kg/day of TP, while combined nonpoint source loads were 
determined to average about 20 kg/day. Major nonpoint sources include irrigated agriculture and 
feedlots (UDWQ 2000b). 
 
Since 1990, numerous efforts to improve water quality in the Little Bear River have been 
implemented. These efforts have included installation of animal waste management systems, 
streambank revegetation projects, rangeland improvements, and conversion from flood to 
sprinkler irrigation systems (USU 2014). Research has found that these efforts have resulted in 
improved water quality, although work to quantify these improvements remains ongoing (USU 
2014). Based on improvements found during the 2003–2004 monitoring cycle, UDWQ removed 
the segment of the Little Bear River above Hyrum Reservoir from its 2004 303(d) list of 
impaired waters (EPA 2015).  
 
Within the upper Little Bear study reach, water quality is or has historically been monitored by 
the UDWQ at four locations: sites 490570, 490572, 490567, and 490566 (Figure 12). The 
UDWQ collects data on a wide range of parameters including temperature, pH, conductivity, 
dissolved oxygen, nutrients, suspended solids, metals, and other constituents. Monitoring is 
conducted in periodic “intensive monitoring” cycles. During an intensive cycle, which lasts 2 
years, data are collected monthly. The time between intensive cycles varies and can sometimes 
be as long as 10 years. Streamflow information is not always collected in conjunction with the 
water quality data collected by UDWQ. 
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Two USU monitoring sites are located in this study reach: USU-LBR-Confluence, at the West 
Canyon Road crossing, and USU-LBR-Paradise at the Pisgah Road crossing. The USU 
monitoring devices collect continuous measurements of water quality parameters including 
temperature, dissolved oxygen, specific conductivity, pH, and turbidity. The USU-LBR-
Confluence site also collected gage height and discharge data; the USU-LBR-Paradise site uses 
USGS gage #10105900 for streamflow information. For both USU sites in this reach, data are 
available for the time period 2007–2015, although maintenance and calibration procedures 
stopped in 2009. 
 
Detailed analysis of the USU data is beyond the scope of this report, but limited review of the 
data indicates that summertime water temperatures at both sites are typically below the state cold 
water fishery standard of 20 degrees C, although occasional exceedences do occur (Appendix A). 
Neither UDWQ nor USU has completed monitoring in the section of the Little Bear River where 
flows are depleted by the trout pond diversion, so water quality conditions in this portion of the 
reach are unknown. 
 
Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this reach. Our limited 
observations of the reach during the August 6 reconnaissance visit noted a well-developed 
riparian vegetation community with a diverse mix of shrubs and trees. Species observed included 
willow, cottonwood, and box elder. However, the width of the riparian corridor is often quite 
narrow in this reach due to historical channelization and realignment and the proximity of 
agricultural fields and grazing land. 
 
No recent fisheries sampling has been completed in this reach. However, sampling completed in 
1990, 1991, and 1995 found a fairly diverse fish community. Species documented during those 
sampling efforts included significant numbers of brown trout, mountain whitefish, and rainbow 
trout (UDWR 2015a). Other species found in smaller numbers included brook trout, largemouth 
bass, yellow perch, mountain sucker, Utah sucker, speckled dace, and sculpin. In 1990, three 
Bonneville cutthroat trout were found in the section of the reach above the trout pond diversion, 
and in 1995 13 Bonneville cutthroat were found in this upstream section (UDWR 2015a). As 
previously noted, the trout pond diversion structure creates a barrier to upstream fish passage. 
 
Summary 
Instream flows in the upper Little Bear River study reach are altered by diversions and Porcupine 
Dam operations. Three hydrologic sub-sections exist: the section above the trout pond diversions 
(sub-section 1); the 1.1-mile section where flows are depleted by the trout pond diversions (sub-
section 2); and the section below the trout pond outfall (sub-section 3). The flow records 
collected at USGS gages 10105900 and 10106000 provide a robust 70-year-long hydrologic 
record for sub-section 3. No data are available for sub-section 2. The USU-LBR-Confluence 
monitoring station provides detailed flow information for sub-section 1, but only for a short time 
period. Additional analysis would be needed to compare these USU discharge data with the data 
available at gage 10105900 to determine the extent of any differences in the sub-section 1 and 3 
flow regimes. Discharge data for the trout pond outfall may also be available through UDWQ as 
part of their UPDES permitting program. 
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LB5. Reach 5: Middle Little Bear 
 
Hydrology 
This reach of the Little Bear River has a drainage area of about 250 square miles and extends 
from Hyrum Dam to the Wellsville wastewater ponds. Flows in the middle Little Bear are 
heavily influenced by the operations of Hyrum Reservoir. Hyrum Dam is an earth-fill structure 
that was completed in 1935. The dam is a U.S. Bureau of Reclamation facility that is operated, 
maintained and managed by the South Cache Water Users Association (BOR 2004). Hyrum 
Reservoir provides 18,700 acre feet of storage capacity with a surface area of 475 acres (BOR 
2004). The reservoir is used to store wintertime and springtime flows that provide irrigation 
water to agricultural land in the Hyrum, Wellsville, and Mendon areas. The reservoir also 
provides flood control and recreational opportunities.  
 
Streamflow in this reach was recorded at USGS gage (gage # 10107500) from 1942 to 1974 at a 
site approximately 1 mile downstream from Hyrum Dam (Figure 14). Mean annual discharge for 
the period of record at this site was 67.4 cfs. This value is lower than the mean annual discharge 
above the reservoir (102.8 cfs) because of irrigation diversions. Water is diverted at the dam 
outlet into the Upper Wellsville-Mendon Canal, Lower Wellsville-Mendon Canal, the Wellsville 
Canal, and the Hyrum Feeder Canal for downstream irrigation. The State of Utah Canals 
database (UDNR 2015) lists maximum flows in these canals as 15, 89, 41, and 9 cfs, 
respectively. Because of these large diversions, flows in the Little Bear River below Hyrum Dam 
are typically reduced to only the amount that seeps from the dam, which is about 1 to 3 cfs (BOR 
2004). During our August 6, 2015 reconnaissance visit, we estimated flows to be 3 cfs at the 
Meridian Road (2400 West), SR-101, and 400 North (Wellsville) road crossings. The channel 
appeared to be fully dewatered immediately below the dam outlet. 
 
The DWRT database shows several additional points of diversion in the stream reach below 
Hyrum Dam. For the most part, these are smaller water rights in the range of 1 to 3 cfs, and 
many of them may now be accessed using pumps rather than diversion and ditch systems. At the 
Meridian Road crossing, a more significant diversion known as Darley Ditch has historically 
been utilized. Based on a brief review of the DWRT database, it appears that multiple water 
rights totaling close to 10 cfs are associated with that diversion point. However, it is not known 
whether that diversion still receives much use (B. Fotheringham, Cache County Water Manager, 
pers. comm. 9/2015). Water supply for these various diversions comes from dam seepage, return 
flows, and accretion from ground water (UDWR 2015a).  
 
The effects of Hyrum Dam on downstream summertime flows are evident in Figure 15. Figure 
15 also illustrates the effects of flood control and storage operations on downstream flows. 
Monthly flows in January and February are higher below the dam than above the dam because 
during those months water is vacated from the reservoir to make adequate capacity available to 
store springtime snowmelt runoff. Flows below Hyrum in May and June are significantly lower 
than above the dam, illustrating the flood peak suppression effects of the facility. 
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Figure 14.  Map of Little Bear Reach 5: Middle Little Bear River. 
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Figure 15.  Average monthly flows for Little Bear River above Hyrum Dam (gage  
  10105900) and Little Bear River below Hyrum Dam (gage 10107500). 
 
One USU monitoring site is located in this reach. Site “USU-LBR-Wellsville” is located at the 
UT-101 crossing. Discharge data recorded at 30-minute intervals are available for this site from 
November 2007–May 2012. During that time period, the minimum flow recorded at this site was 
0.5 cfs. A second USGS gage (#10107600) also operated briefly in this reach at a location 
downstream from the SR-101 crossing (Figure 14), but only recorded one year of data from 
1967–1968. 
 
Hydraulics and Geomorphology 
Hyrum Dam creates a barrier to fish passage and to sediment transport between the middle and 
upper Little Bear River reaches. No other physical barriers to longitudinal connectivity are 
known to exist in this reach. 
 
Some limited geomorphic data were collected in this reach in September 2012 by aquatic 
ecology students at Utah State University (Wurtsbaugh et al. 2013). Pebble count measurements 
at a station located about 1 mile below Hyrum Dam found a median riffle substrate particle size 
of about 32 mm (Wurtsbaugh et al. 2013). This measurement is larger than the median size 
(16mm) measured at the site above Hyrum Reservoir, suggesting that sediment trapping by the 
dam has caused some streambed coarsening in the downstream reach. Sinuosity measurements 
completed in ArcGIS as part of this effort found that the sinuosity in most of this reach remains 
about 1.3, similar to the upstream reach, but increases to 1.9 as the river approaches the 
Wellsville wastewater ponds. (Wurtsbaugh et al. 2013). Wurtsbaugh et al. (2013) report channel 
width at the site 1 mile below Hyrum Reservoir as about 20 feet wide.  
 
Land use adjacent to the river in this reach is largely agricultural, and it is likely that some 
straightening and realignment of the channel has historically occurred to accommodate farm 
fields. Approximately four road crossings occur on in this reach. While no tall, prominent levees 
are apparent, the channel in at least some parts of the reach appears to be confined between steep 
banks (Figure 16), likely as a result of historical channel manipulation activities typical in an   
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Figure 16.  Middle Little Bear River at Meridian Road. 
 
agricultural setting. These steep banks limit lateral connectivity. Maps of FEMA 100-year 
floodplains, updated in 2011, are available through Cache County; showing that flood prone 
width varies significantly through this reach, ranging from as little as 100 feet wide to nearly 
2,000 feet wide in the less confined sections (Figure 14). However, the FEMA flood zones in this 
reach are mapped as Zone A areas, where detailed hydraulic analyses have not been performed. 
Additional field investigations would be needed to more fully understand the extent to which 
lateral connectivity is impeded in this reach. 
 
During our August 6, 2015 reconnaissance visit, we observed this reach at the Meridian Road, 
SR-101, and 400 North (Wellsville) road crossings. No excessive erosion was evident in these 
locations, but concrete rubble material placed on the banks at the Meridian Road and 400 North 
crossings suggests that bank erosion can be a concern (Figure 16). As previously discussed, 
streambank erosion has historically been a problem in agricultural portions of the watershed, and 
stabilization efforts to improve water quality have been ongoing since the 1990s (UDWQ 2000b, 
USU 2014). 
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Water Quality 
Throughout the study area, Little Bear River is listed as a class 2B, 3A, 3D, 4 stream by the Utah 
Division of Water Quality (UDWQ). The corresponding designated beneficial uses are secondary 
contact recreation, cold water aquatic life, waterfowl and shore birds, and agricultural uses. 
 
In 2000, UDWQ completed a TMDL to address impairments to the cold water aquatic life (3A) 
beneficial use in the due to exceedences in TP (UDWQ 2000b). Based on data collected between 
1976–1992 at UDWQ monitoring site 490565 (Figure 14), TP concentrations exceeded the state 
indicator level of 0.05 mg/L 61% of the time (UDWQ 2000b). Combined nonpoint source loads 
to the Little Bear River below Hyrum Reservoir were determined to average about 20 kg/day. 
Major nonpoint sources include irrigated agriculture and feedlots (UDWQ 2000b). 
 
Since 1990, numerous efforts to improve water quality in the Little Bear River have been 
implemented. These efforts have included installation of animal waste management systems, 
streambank revegetation projects, rangeland improvements, and conversion from flood to 
sprinkler irrigation systems (USU 2014). Research has found that these efforts have resulted in 
improved water quality, although work to quantify these improvements is ongoing (USU 2014). 
 
Within the middle Little Bear study reach, water quality is or has historically been monitored by 
the UDWQ at two locations: sites 490565 and 490563 (Figure 14). The UDWQ collects data on 
a wide range of parameters including temperature, pH, conductivity, dissolved oxygen, nutrients, 
suspended solids, metals, and other constituents. Monitoring is conducted in periodic “intensive 
monitoring” cycles. During an intensive cycle, which lasts 2 years, data are collected monthly. 
The time between intensive cycles varies and can sometimes be as long as 10 years. Streamflow 
information is not always collected in conjunction with the water quality data collected by 
UDWQ. Therefore, the ability to link flow-dependent variables such as temperature and 
dissolved oxygen to discharge levels is limited. For example, of all the data collected by UDWQ 
at site 490565 since the 1970’s, only 11 data points with temperature and flow information are 
available for the critical months of July and August. At site 490563, only two data points are 
available. 
 
One USU monitoring site is located in this study reach: USU-LBR-Wellsville, located at the SR-
101 road crossing. The USU monitoring device collects continuous measurements of water 
quality parameters including temperature, dissolved oxygen, specific conductivity, pH, and 
turbidity. The USU-LBR-Wellsville site also collected gage height and discharge data. Data are 
available for the time period 2007–2015 at this site, although maintenance and calibration 
procedures ceased in 2009. 
 
Detailed analysis of the USU data is beyond the scope of this report, but limited review of the 
data indicates that summertime water temperature at the SR-101 site remains below the state cold 
water fishery standard of 20 degrees C most of the time. However, during July exceedences 
occur about 25 % of the time and high temperatures are also occasionally problematic during 
August and June (Appendix A). Based on the available quality-controlled USU data for 2007-
2009, dissolved oxygen frequently dips below the 30-day cold water fishery standard of 6.5 
mg/L during July and August. More detailed analyses would need to be completed to determine 
how these temperature and dissolved oxygen exceedences are related to streamflow levels.  
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Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this reach. Our limited 
observations of the reach during the August 6 reconnaissance visit noted that the riparian 
vegetation community was dominated by non-native crack willow growing on the streambanks 
(Figure 16). The width of the riparian corridor is typically very narrow in this reach due to the 
proximity of agricultural fields and grazing land. 
 
No recent fisheries sampling has been completed in this reach. Sampling completed in 1993 
found a fairly diverse fish community. Species documented included significant numbers of 
brown trout (220/mile), cutthroat trout (141/mile), and rainbow trout (53/mile) (UDWR 2015a). 
Other species noted as present included Utah sucker, mountain sucker, sculpin, redside shiner, 
and speckled dace, as well as yellow perch, bluegill, and green sunfish (UDWR 2015a).  
 
Summary 
Flows in the middle Little Bear River study reach are greatly altered by the operations of Hyrum 
Dam and by the major irrigation diversions that remove water at the dam outlet. Flow records at 
now-inactive USGS gage 10107500 provide a robust hydrologic data set for the upstream part of 
this reach. The extent to which the Darley Diversion affects flows in the downstream part of this 
reach is not well-known. It is also not known how much water is gained via return flows and 
groundwater accretion. Some data for the downstream part of this reach are available at the USU 
monitoring site and at USGS gage 10107600, but the time period for which data was collected at 
these sites is limited. Additional analyses and/or data collection work would need to be 
completed to more fully understand whether or not the robust USGS data set for site 10107500 
adequately represents conditions throughout this entire reach. 
 
LB6. Reach 6: Lower Little Bear 
 
Hydrology 
This reach of the Little Bear River drains a watershed area of about 300 square miles and extends 
from the Wellsville wastewater ponds to Cutler Reservoir. As with the middle Little Bear, flows 
in the lower Little Bear are heavily influenced by the operations of Hyrum Reservoir. However, 
the lower portion of the river maintains higher instream flows due to inflows from the 
wastewater ponds, springs, irrigation return flows, and groundwater inputs. On average, the 
Wellsville ponds discharge 0.284 million gallons per day, or about 0.44 cfs, into the Little Bear 
River (Wellsville City 2014). 
 
No active or inactive USGS streamflow gages are present in this reach. During our August 6, 
2015 reconnaissance visit, we estimated flows to be on the order of 20 cfs at the access point at 
the west end of 2200 South (Figure 17). Discharge data are available at the USU monitoring 
station at Mendon Road (“LBR-Mendon”) for the time period 2005–2012. Based on preliminary 
review of this data, it appears that although flows do get low during July and August, they nearly 
always remain above 15 cfs (Appendix A). In general, flows recorded at the Mendon site appear 
to be significantly higher than flows recorded at the USU site in Wellsville, although additional 
analysis would need to be completed to better understand how much flows increase through this 
reach (Appendix A). 
  
BIO-WEST, Inc.  Little Bear and Blacksmith Fork Rivers  
October 2015  33 Environmental Flows: Background Report 
 
Figure 17.  Map of Little Bear Reach 6: Lower Little Bear River. 
BIO-WEST, Inc. Little Bear and Blacksmith Fork Rivers 
October 2015 34 Environmental Flows: Background Report 
The DWRT database shows several points of diversion in this reach. These are generally smaller 
water rights accessed using pumps (B. Fotheringham, Cache County Water Manager, pers. 
comm. 9/2015). Spring Creek is a significant tributary to the Little Bear River, but its confluence 
occurs at the very downstream end of the lower Little Bear study reach and therefore the 
majority of the study reach is not influenced by its flow inputs. The Logan River is also a 
significant tributary to the Little Bear River, but its confluence occurs within the backwaters of 
Cutler Reservoir. The Logan River was not included in this report because a separate study is 
being conducted for environmental flows and restoration. 
 
Hydraulics and Geomorphology 
Stream gradient in this downstream-most reach of the Little Bear River is notably flatter than in 
upstream reaches. This flatter gradient is accompanied by an increase in sinuosity. Tight, 
tortuous meanders are particularly evident in the downstream section of this reach as the river 
approaches Mendon Road and then Cutler Reservoir (Figure 17). The low velocity silty character 
of this reach (Figure 18) is quite distinct from the riffle-pool, gravel-bedded system in upstream 
reaches. No barriers to longitudinal connectivity are known to exist in this reach. 
 
Figure 18.  Little Bear River at the west end of 2200 South. 
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Some limited geomorphic data were collected in this reach in September 2012 by aquatic 
ecology students at Utah State University (Wurtsbaugh et al. 2013). Particle size observations 
were completed at sites near 2200 South and at Mendon Road. No riffle habitats were present in 
these locations, and substrate materials were entirely fine-grained. The 2200 South site was 
dominated by sand-sized material, while the substrate at the Mendon Road site was observed to 
be silt and clay (Wurtsbaugh et al. 2013). Wurtsbaugh et al. (2013) report channel width at the 
2200 South site as about 26 feet wide, and at the Mendon Road site as about 52 feet wide. 
 
The mapped FEMA floodplain expands dramatically in the lower part of reach, from about 470 
feet wide at the top of the reach to more than 12,000 feet wide at Mendon Road (Figure 17). 
Rubble material placed on the streambank in the vicinity of 2200 South suggests that bank 




Designated beneficial uses are the same in this reach of the Little Bear as in upstream reaches. In 
2000, UDWQ completed a TMDL to address impairments to the cold water aquatic life (3A) 
beneficial use due to exceedences in total phosphorus (UDWQ 2000b). Based on data collected 
between 1977–1992 at UDWQ monitoring site 490500 near Mendon Road, total phosphorus 
(TP) concentrations exceeded the state indicator level of 0.05 mg/L 66% of the time (UDWQ 
2000b). In this study reach, the Wellsville wastewater lagoons are regulated as a point source 
under a UPDES discharge permit (permit #UT0020371). This point source was identified as 
contributing 0.53 kg/day of TP, while combined nonpoint source loads were determined to 
average about 20 kg/day. Major nonpoint sources include irrigated agriculture and feedlots 
(UDWQ 2000b). 
 
Since 1990, numerous efforts to improve water quality in the Little Bear River have been 
implemented. These efforts have included installation of animal waste management systems, 
streambank revegetation projects, rangeland improvements, and conversion from flood to 
sprinkler irrigation systems (USU 2014). Research has found that these efforts have resulted in 
improved water quality, although work to quantify these improvements remains ongoing (USU 
2014). 
 
In 2014, the UDWQ listed the lower Little Bear River as impaired due to failure to meet the 3A 
standard for dissolved oxygen (UDWQ 2014). This listing was based on monitoring data 
collected at sites 490500 (Mendon Road) and 490480 (at Airport Rd crossing). Problems with 
dissolved oxygen have also been documented at the USU monitoring site at Mendon Road. 
Preliminary review of the quality-assured USU data (available for the time period August 2007–
January 2009) indicates that oxygen levels dip below the 30-day standard of 6.5mg/L about 25% 
of the time in July (Appendix A).  
 
Review of the available USU temperature data for 2007–2015 indicates that July water 
temperatures at the Mendon Road site exceed the state cold water fishery standard of 20 degrees 
C more than 50% of the time (Appendix A). Exceedences also occur in June, August, and 
September (Appendix A). More detailed analyses would need to be completed to determine how 
these temperature and dissolved oxygen exceedences are related to streamflow levels. 
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Spring Creek has also historically had water quality problems. A TMDL to address impairments 
to 3A (cold water fishery) and 2B (secondary contact recreation) uses was completed in 2002 
(UDWQ 2002). These impairments were associated with exceedences in total phosphorus (TP), 
dissolved oxygen (DO), ammonia, temperature, and fecal coliforms. In addition to nonpoint 
sources associated with agriculture, Spring Creek also receives point source discharges from the 
Hyrum City wastewater treatment plant, JBS Swift (formerly EA Miller), Miller Brothers 
Feedlot, and Arambel Dairy (UDWQ 2002). These point sources are regulated under UPDES 
permits. 
 
Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this reach. Our limited 
observations of the reach during the August 6 reconnaissance visit noted the presence of non-
native crack willow trees and some native shrub willows. The width of the riparian corridor is 
typically narrow in this reach due to the proximity of agricultural fields. Toward the downstream 
end of the reach, the riparian vegetation community shifts to emergent marsh species including 
cattail, common reed, and bulrush (Figure 19). 
 
Figure 19.  Little Bear River at SR-30, where the river enters Cutler Reservoir. 
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No recent fisheries sampling has been completed in this reach. Sampling completed in 1992 near 
the Mendon Road crossing found abundant numbers of fathead minnow and common carp, with 
small numbers of green sunfish, largemouth bass, and black crappie also present (UDWR 
2015a). This fish community is distinct from the species found farther upstream on the Little 




The streamflow regime of the lower Little Bear River is highly altered. Hyrum Dam operations 
and flow diversions from the Hyrum Dam outlet have the most direct impacts on this reach.  
 
Groundwater inputs appear to be significant in this study reach, keeping warm slow moving 
water in the channel throughout the dry summer months. Long-term, readily accessible 
hydrologic data are lacking for the lower Little Bear study reach, although the USU monitoring 






The Blacksmith Fork study area encompasses the entire length of the stream from its headwaters 
to its confluence with Logan River (Figure 20). For the purposes of this report, the study area 
was broken into three distinct study reaches (Table 2). The locations of reach breaks were based 
on factors including locations of diversion structures, fisheries management objectives, and 
natural geomorphic breaks. 
 
Table 2.  Blacksmith Fork study reaches. 
REACH 
NUMBER DESCRIPTION 
DRAINAGE AREAa  
(SQUARE MILES) SIGNIFICANT DIVERSIONS 
Reach 1: 
Tributaries 
Left Hand Fork, Rock Creek, 
Curtis Creek, and Mill Creek 
from headwaters to Blacksmith 
Fork confluence 
Left Hand Fork: 104a 
Curtis Creek: 23a 
Rock Creek: 24a 






Blacksmith Fork from 
headwaters to Highline Canal 
inflow 





Blacksmith Fork from Highline 
Canal inflow to Logan River 
confluence 
287a 
Upper Millville Providence Canal; 
Blacksmith Fork Hyrum Canal; 
Blacksmith Fork Nibley Canal; Lower 
Millville Providence Canal; College 
Irrigation Canal; Spring Creek Cache 
Irrigation Canal 
a Drainage areas from AGRC “Watersheds Area” shapefile. 
b Drainage area determined using StreamStats (USGS 2015). 
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Figure 20.  Blacksmith Fork location and watershed area map. 
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The headwaters of the Blacksmith Fork watershed begin in the Bear River Mountains in Cache 
County at an elevation of approximately 9,000 feet. Most of the Left Hand Fork drainage and 
portions of Blacksmith Fork Canyon are federally owned and managed by the Wasatch-Cache 
National Forest. The State of Utah owns and manages portions of Curtis Creek, Rock Creek, and 
upper Blacksmith Fork as the Hardware Ranch Wildlife Management Area (WMA). The lower 
watershed below the canyon mouth is privately owned. The study area includes the communities 




BF1. Reach 1: Tributaries 
This study reach includes the southeastern headwater tributary streams of Curtis Creek, Rock 
Creek, and Mill Creek (Figure 21) as well as Left Hand Fork, which enters the Blacksmith Fork 
from the north (Figure 22).  
 
Hydrology 
Streamflow information for Blacksmith Fork’s tributaries is limited. No inactive or active USGS 
streamflow gages exist on any of the tributary streams. An estimate of the quantity of flow 
contributed by the combined inflows of Curtis Creek and Rock Creek can be inferred by 
comparing main stem flow data recorded at USGS gages 10111700 (located below Mill Creek) 
and 10112000 (located below Rock Creek). Average monthly flows recorded at these gages are 
shown in Figure 23. Based on this comparison, the combined Rock Creek and Curtis Creek 
drainages contribute an average of about 15 to 25 cfs of baseflow to main stem Blacksmith Fork, 
and nearly double the streamflow in the main stem during the spring runoff period. These values 
should be considered only approximations, though, because the gages operated for relatively 
short and differing time periods. Specifically, gage # 10111700 recorded data for water years 
1966–1992 and gage #10112000 collected data for water years 1944–1950. 
 
Utah State University researchers have been conducting detailed studies on lower Curtis Creek 
within the Hardware Ranch WMA (Majerova et al. 2015, Schmadel et al. 2013, Schmadel et al. 
2010). Part of this research has involved collecting streamflow discharge measurements, and data 
are available for the time period 2007–2010. The median streamflow reported for the time period 
from August 2007–November 2008 was 200 L/s (7 cfs). During that time period, flows ranged 
from a low of 142 L/s (5 cfs) to a springtime high of 1841 L/s (65 cfs) (Schmadel et al. 2010). 
Measurements document that Curtis Creek follows the typical snowmelt-dominated pattern of 
high springtime flows and lower baseflows during the remainder of the year (Schmadel et al. 
2013). The USU research has also included detailed measurements of ground water levels and 
surface flow-ground water exchange in this reach. 
 
During our August 6, 2015 reconnaissance survey, we estimated flow at about 1 cfs on Rock 
Creek and at about 6 cfs on Curtis Creek. No dams or major water diversion structures are 
known to exist on Mill Creek, Curtis Creek, or Rock Creek. The DWRT database shows a few 
points of diversion on lower Curtis Creek within Hardware Ranch; these water rights are listed as 
UDWR irrigation/stockwatering rights to 3 cfs.  
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Figure 21.  Map of Blacksmith Fork southeastern headwater tributaries (Reach 1). 
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Figure 22.  Map of Left Hand Fork (Reach 1). 
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Figure 23.  Average Blacksmith Fork monthly flows below Mill Creek (gage   
  10111700), below Rock Creek (gage 10112000) and below Left Hand  
  Fork (gage 10113500).  
 
No USGS gage data are available for Left Hand Fork, but it is a major tributary that nearly 
doubles the contributing drainage area to Blacksmith Fork at its confluence. Streamflow gage 
#10113500 records data on the main stem about two miles downstream from the Left Hand Fork 
confluence. As seen in Figure 23, flows at the gage below Left Hand Fork are substantially 
greater than at the gage below Rock Creek, particularly during the spring snowmelt period. 
However, relative to drainage area, Curtis Creek and Rock Creek appear to contribute more 
substantial base flows than Left Hand Fork. During our August 6, 2015 reconnaissance survey, 
we estimated flow at about 4 cfs on lower Left Hand Fork. 
 
The upstream portion of Left Hand Fork is known as Saddle Creek. Saddle Creek’s upper 
headwater section is perennial, then surface flows naturally dry up and go subsurface. Perennial 
flow then re-emerges as Left Hand Fork (P. Thompson, UDWR Northern Region Aquatics 
Manager, pers. comm. 9/2015). 
 
No dams or major water diversions are present on Left Hand Fork. The DWRT database shows 
one water right (WR 25-10739) for 11. 9 acre feet on lower Left Hand Fork.  
 
Hydraulics and Geomorphology 
Maps of FEMA 100-year floodplains, updated in 2011, include the downstream portion of Left 
Hand Fork. These maps show that flood prone width in Left Hand Fork varies between about 
100 feet wide in the most confined sections to about 350 wide is less confined sections. In 
general, the channel is constrained by steep hillsides, as would be expected given its canyon 
setting. No physical barriers to longitudinal connectivity are known to exist on Left Hand Fork. 
Lateral connectivity is intermittently affected by the proximity of Left Hand Fork Road.  
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FEMA floodplain maps do not include Rock Creek, Curtis Creek, or Mill Creek. Information on 
the hydraulics and geomorphology of Rock Creek and Mill Creek is limited. Both streams appear 
to be small mountain spring-fed stream channels that include steeper, more confined sections as 
well as flatter, less confined meadow sections. Roads parallel portions of each of these streams 
and most likely affect lateral connectivity in some sections. 
 
Some geomorphic information is available for Curtis Creek within Hardware Ranch. This stream 
has experienced historic channel alterations associated with livestock and wildlife grazing 
impacts and habitat improvement/erosion management projects. These projects included 
installation of weir structures in the 1990s and a channel reconstruction project in 2001 (UDWR 
2012). Beaver populations exist on upper Rock Creek and lower Curtis Creek, and geomorphic 
conditions in these areas are affected by beaver dams (UDWR 2012). Within the USU research 
site on lower Curtis Creek, channel slope is reported as 1.7% with streambed substrates 
comprised of gravel-cobble material. Boulder vortex rock weirs installed during the 2001 
channel reconstruction project are also present. Channel features include riffles, steps, beaver 
ponds, and gentle meanders (Majerova et al. 2015). 
 
Water Quality 
No UDWQ water quality monitoring stations are present on Left Hand Fork, Rock Creek, Curtis 
Creek, or Mill Creek. Water temperature data were collected during 2008–2010 as part of USU 
research studies on lower Curtis Creek. Based on this monitoring, average daily temperature 
values on lower Curtis Creek remain below 15 degrees C even during the hottest times of the 
summer. These results are well below the 20 degrees C class 3A cold water fishery standard. 
 
The Hardware Ranch Management Plan (UDWR 2012) discusses problems with fine sediment 
impacts associated with bank erosion in areas where riparian vegetation has been disturbed. 
Causes of riparian vegetation disturbance include grazing, camping, and off-highway-vehicle 
(OHV) activities (UDWR 2012). Quantitative data about the water quality impacts of erosion-
related fine sediment inputs is lacking. 
 
None of the Reach 1 tributary streams are listed as impaired in the most recent UDWQ 303(d) 
list (UDWQ 2014). 
 
Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for the Reach 1 tributary streams. 
In undisturbed areas, the tributary riparian vegetation community generally consists of a well-
developed mix of native understory, shrub, and tree species (Figure 24). Species can include 
willow, birch, hawthorn, cottonwood, box elder, red-osier dogwood, Woods rose, sedges, and 
spikerush. As discussed above, riparian vegetation width is periodically impacted by factors such 
as road proximity, grazing, camping, and OHV use (UDWR 2012). 
 
The UDWR has conducted recent fisheries sampling on all of the Reach 1 tributary streams. Left 
Hand Fork, Rock Creek, and Curtis Creek are all managed for Bonneville cutthroat trout and also 
contain brown trout. Brook trout have also been found in Left Hand Fork. Mill Creek supports 
small populations of BCT and brook trout (UDWR 2015c). 
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Figure 24. Photo of lower Curtis Creek.  
 
Summary 
Hydrologic conditions on Blacksmith Fork tributary streams appear to be relatively unaltered. 
Based on the limited information available, the existing flow regime on these systems appears to 
be adequate to support riparian and aquatic resources and maintain healthy water quality. 
Resource impacts are generally due to factors such as grazing, camping, OHV use, and roads 
rather than any hydrologic alterations. With the exception of lower Curtis Creek, robust 
hydrologic data for the individual tributaries is lacking. 
 
BF2. Reach 2: Upper Blacksmith Fork  
This study reach includes the upper Blacksmith Fork headwaters (Figure 21) and extends 
through Blacksmith Fork Canyon (Figure 25).  
 
Hydrology 
As described previously, hydrologic data for the upper portion of Blacksmith Fork was collected 
at now-inactive USGS gages 10111700 (located below Mill Creek) and 10112000 (located below 
Rock Creek). Gage 10113500 provides an extensive data set (1914–present) for Blacksmith Fork 
below Left Hand Fork. These flow records document that Blacksmith Fork follows the typical 
snowmelt-dominated pattern of high springtime flows and lower baseflows during the remainder  
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Figure 25.  Map of Blacksmith Fork in Blacksmith Fork Canyon (Reach 2). 
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of the year (Figure 23). At the gage station below Left Hand Fork, fall and winter baseflows 
average about 85 cfs and summer flows average about 100 cfs (Figure 23). 
 
Springtime peak flows on Blacksmith Fork vary significantly year to year (Figure 26). The 
highest instantaneous peak flow recorded at gage 10113500 was 1,650 cfs in May 1984. The 
most recent high flow was a peak of 1,450 cfs in May 2011. Mean annual discharge for 1914-
2014 at gage 10113500 is 124 cfs. 
 
 
Figure 26.  Typical hydrographs on Blacksmith Fork below Left Hand Fork (data  
  from USGS gage 10113500). 
 
The only significant diversion known to exist in the upper Blacksmith Fork study reach is the 
diversion for Hyrum City’s hydroelectric plant, located upstream of the Left Hand Fork 
confluence (Figure 25). The powerplant diversion dam is a 14-foot-high earth-fill/concrete core 
structure completed in 1931. The impoundment created by the dam is small and provides only 
about 37 acre feet of storage, and the facility operates as a run-of-the-river system (FERC 2008). 
Flows up to 85 cfs are diverted from the dam to the Hyrum City powerhouse via a large 48” 
diameter penstock and then returned to the river about 3,400 feet downstream of the dam (FERC 
2008). 
 
Historically, this facility would sometimes dewater Blacksmith Fork within the powerplant 
bypass section, but minimum instream flow requirements have been in place since the 2008 
FERC license renewal. The specific flows required as per conditions required by the Forest 
Service are listed in Table 3. Hyrum City has installed a water stage recording device and 
developed a stage-discharge rating curve to monitor flows in the bypass reach. 
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Table 3.  Instream flows required in the Hyrum City powerplant bypass reach. 
TIME PERIOD REQUIRED FLOW (CFSa) 
March 1–August 31 
If natural mean daily flow ≥ 73 cfs 36 
If natural mean daily flow < 73 cfs for a period of three or more consecutive days 18 
If natural mean daily flow < 55 cfs for a period of three or more consecutive days 9 
September 1–February 28/29 
If natural mean daily flow ≥ 73 cfs 18 
If natural mean daily flow < 55 cfs for a period of three or more consecutive days 9 
a Cubic feet per second. 
 
In addition to the powerplant diversion, the DWRT database shows several other points of 
diversion in this study reach of Blacksmith Fork. The approved water rights are generally minor 
(2 cfs or less) and are not associated with large in-channel diversion structures. The DWRT 
database includes an application for a 300 cfs water right by the Utah Board of Water Resources. 
 
One diversion point associated with this application (WR 25-3261) is located on upper 
Blacksmith Fork just below the Rock Creek confluence. A second diversion point associated 
with this application is located about 1 mile downstream from USGS gage 10113500, at the site 
of the original (now defunct) Hyrum City hydroelectric diversion dam. The database also lists 
two significant Utah Division of Wildlife Resources decree water rights on Blacksmith Fork: 
WR 25-3023 for 125 cfs and WR 25-3026 for 68 cfs. The point of diversion associated with 
these rights is located about 2 miles upstream of the canyon mouth. The DWRT database also 
includes an application for a 50,000 acre-foot water right by the U.S Bureau of Reclamation 
about 1 mile upstream of the canyon mouth.  
 
Hydraulics and Geomorphology 
Maps of FEMA 100-year floodplains, updated in 2011, are available for most of this study reach 
(Figure 25). These maps show that flood prone width varies significantly through the reach. 
Much of the reach is confined between steep canyon walls, with flood prone widths averaging 
about 150–200 feet wide in the narrowest sections. A wider, less confined meadow section is 
present upstream of the Hyrum City diversion dam; flood prone width in parts of this section 
expands to more than 650 feet. Another broad, less confined section of channel with flood prone 
width of 700 feet is present about half a mile upstream of USGS gage 10113500. 
 
No comprehensive geomorphic studies were available for this reach, but based on available 
aerial imagery it appears that channel sinuosity tends to increase in the less-confined, flatter-
gradient meadow sections while confined sections have lower sinuosity. Bed material includes a 
range of substrate sizes from fine gravel and sand in pool areas to coarser gravel, cobble, and 
small boulders in steep riffle areas. Large bedrock steps are present in the section of Blacksmith 
Fork immediately upstream of Curtis Creek, creating a unique profile characterized by long, flat 
pools interrupted by short, steep bedrock drops (Figure 27). 
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Figure 27. Bedrock step-pool on Blacksmith Fork above Curtis Creek. 
 
The Hyrum City diversion dam (sometimes called “second dam”) creates a barrier to 
longitudinal connectivity and fish passage. No other structures are known to bar fish passage in 
this study reach. Lateral connectivity appears to occasionally be affected by the proximity of the 
highway up the canyon. Campgrounds and other small developed areas also periodically 
encroach on the channel and riparian zone. It is likely that some historic channel realignment has 
occurred to accommodate road construction and developed areas. In a portion of the powerplant 
bypass section, the stream flows through an artificially straightened and grouted channel. 
 
Water Quality 
The section of this study reach below Left Hand Fork is included on UDWQ’s 2014 303(d) list 
as non-supporting for class 3A (cold water fishery) beneficial use due to low dissolved 
oxygen(UDWQ 2014). However, this listing is based on measurements taken at a monitoring 
station much farther downstream, near the Logan River confluence. No UDWQ monitoring 
stations exist in the main canyon section of Blacksmith Fork. Several monitoring stations are 
present in the upstream headwater section of Blacksmith Fork in the vicinity of the Mill Creek, 
Curtis Creek, and Rock Creek confluences (Figure 21). This study reach is not known to 
experience water quality problems. 
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Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this study reach. In undisturbed 
areas, the riparian vegetation community generally consists of a well-developed mix of native 
understory, shrub, and tree species (Figure 28). Species can include willow, birch, hawthorn, 
cottonwood, box elder, red-osier dogwood, Woods rose, sedges, and spikerush. As discussed 
above, riparian vegetation width is intermittently affected by factors such as road proximity and 
developed areas. Riparian vegetation is lacking in the artificial grouted channel portion of the 
powerplant bypass section. 
 
 
Figure 28.  Upper Blacksmith Fork downstream from the Rock Creek confluence. 
 
This study reach of Blacksmith Fork is well known as an excellent brown trout fishery, and it 
receives significant recreational fishing use. The area has been sampled regularly and portions of 
the reach have very high brown trout densities (UDWR 2015c). Specifically, brown trout 
densities are 2,500–4,000/mile in the headwaters stream section above Curtis Creek (UDWR 
Section 07); 2,500–3,000/mile in the powerplant bypass reach (UDWR Section 05); and 4,000–
5,000/mile in the four-mile section downstream from the powerplant (UDWR Section 04). The 
other sections of this reach also support a good brown trout fishery but densities are lower. 
Brown trout densities are about 750–1500/mile between Curtis Creek and the powerplant 
diversion dam (UDWR Section 06) and on the order of 500–1,000/mile in the bottom two miles 
of the study reach (UDWR Section 03) (UDWR 2015c). 
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Mountain whitefish are also common throughout this study reach except above Curtis Creek. 
Sampling has also found small numbers of Bonneville cutthroat trout in all sampling sections 
below Curtis Creek. Sculpin, mountain sucker, and rainbow trout have also been found in some 
sections in varying numbers. The UDWR stocks 1,000 non-reproducing rainbow trout into the 
impoundment behind the Hyrum City hydroelectric diversion dam each spring. 
 
Summary 
Currently, major hydrologic alterations on the upper Blacksmith Fork are limited to the 3,400-
foot long powerplant bypass section. Recent fisheries data indicate that the bypass section 
supports an excellent trout fishery despite the reduced flows, suggesting that the current 
minimum flow requirements in this section are adequate from an aquatic ecology perspective. 
Data evaluating the impacts of the bypass section on riparian resources or channel 
geomorphology are not readily available. 
 
Although the existing hydrologic regime in this study reach remains largely intact, the existence 
of state and federal water right applications for large amounts of water implies that there may be 
interest in future water development projects on Blacksmith Fork.  
 
BF3. Reach 3: Lower Blacksmith Fork 
This study reach starts at the mouth of Blacksmith Fork Canyon and extends downstream to the 
Logan River confluence (Figures 29 and 30).  
 
Hydrology 
Available hydrologic data are limited, as no active or inactive streamflow gages exist on 
Blacksmith Fork in this study reach. At the start of the reach, the river transitions from a 
confined canyon setting to a less confined valley setting. Often, as mountain streams exit 
canyons, surface water infiltrates into the coarse-grained unconsolidated valley sediments and 
flow is “lost” to groundwater through seepage. However, seepage studies completed in 
November 1990 found that no notable losses to groundwater occurred in the canyon-to-valley 
transition zone of the Blacksmith Fork, probably due to the incised nature of the system (Kariya 
et al. 1994). In other words, the channel has eroded through the alluvial deposits at the mouth of 
the canyon similar to Little Bear River and Logan River, and it is generally not characterized as a 
“losing reach.”  
 
Some general hydrology information for lower Blacksmith Fork is found in the 2004 Bear River 
basin plan (UDWaR 2004). The flow chart included in this document shows that of the 98,000 
acre feet of average annual streamflow (135 cfs) in Blacksmith Fork, 28,000 acre feet are 
diverted above the Logan River confluence. Assuming that diversions occur during a 180 day-
long irrigation season, a diversion volume of 28,000 acre feet equates to an average of 78 cfs. 
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Figure 29. Map of Blacksmith Fork below canyon mouth (Reach 3). 
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Figure 30. Map of Blacksmith Fork from Nibley to Logan River (Reach 3). 
BIO-WEST, Inc. Little Bear and Blacksmith Fork Rivers 
October 2015 53 Environmental Flows: Background Report 
Diversions from Blacksmith Fork primarily occur at six major diversion structures within the 
lower Blacksmith Fork study reach. The first major diversion occurs just downstream of where 
the Blacksmith Fork flows under SR-101 (Figure 29), and diverts water into the Upper Millville 
Providence Canal. This diversion is operated by the Providence Blacksmith Fork Irrigation 
Company and has a maximum diversion amount of 50 cfs (UDNR 2015). The second major 
diversion is for the Blacksmith Fork Hyrum Canal. No maximum flow is listed for this canal in 
the state canals database, but the DWRT data base includes Hyrum Blacksmith Fork Irrigation 
Company water rights totaling 50 cfs at this point of diversion (WR 25-4253 and 25-4254). The 
third major structure diverts flows into the Blacksmith Fork Nibley Canal; Nibley Blacksmith 
Fork Irrigation Company water rights listed in the DWRT database (WR 25-4526 and WR 25-
4527) total 50 cfs at this point of diversion. The fourth major diversion is for the Lower Millville 
Providence Canal; the state canals database lists 10 cfs as the maximum diversion amount. This 
structure is known to operate as a dry dam (B. Fotheringham, Cache County Water Manager, 
pers. comm. 9/2015). The fifth structure is the College Irrigation Company diversion. No 
maximum is listed in the state canals database, but DWRT shows water rights (WR 25-4259 and 
WR 25-4260) totaling about 10 cfs. The last major diversion, to the Spring Creek Cache 
Irrigation Canal, occurs just downstream from the 1700 South road crossing; this diversion also 
typically dry dams the river. 
 
We estimated flows in the lower Blacksmith Fork study reach at various locations during our 
August 6, 2015 reconnaissance visit. Our observations are summarized in upstream to 
downstream order in Table 4. We estimated flow in the lower Blacksmith Fork to be 30 cfs at the 
SR-101 crossing near the canyon mouth. At the diversion to the Blacksmith Fork Nibley Canal, 
we estimated flow at 15 cfs above the diversion and 5 cfs below the diversion structure. At the 
road crossing about 0.25 mile downstream from the Blacksmith Fork Nibley diversion, the 
channel was dry. Further investigation would be needed to determine why this loss of 5 cfs 
occurs. The flow loss in this section may be related to channel disturbance/widening work done 
as part of a flood control project after the 2011 high flows (Figure 31). Farther downstream, 
flows recover either due to return flows or inputs from springs or groundwater. We estimated a 
flow of about 3 cfs in Blacksmith Fork near 3600 South, just downstream of the Lower Millville 
Providence Canal diversion. Flows at the Millville 100 South road crossing were 2–3 cfs, with 
significant inflows observed entering the river from a pipe outfall just above the bridge (Figure 
32). Just downstream from the SR-165 crossing, the channel was dry. At 1700 South, about 3 cfs 
was present; this water likely comes from inputs from a spring that enters Blacksmith Fork from 
the east about 3,000 feet upstream of 1700 South (Figure 30). Shortly downstream from the 1700 
South crossing, the Spring Creek diversion dewaters the channel again. The DWRT database 
lists a 21 cfs Spring Creek Cache Irrigation Company water right (WR 25-4529) at this diversion 
point. 
 
In summary, based on the limited information available, it appears that intermittent dewatering 
occurs throughout the entire portion of the channel from the Blacksmith Fork Nibley Canal 
diversion down to the Logan River. Because of the lack of flow data, the extent and duration of 
dewatered conditions is not known. The extent and duration of dewatering likely varies year to 
year depending on snowpack, temperature and moisture conditions, and irrigation needs. 
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Table 4. Flows estimated at various locations on lower Blacksmith Fork during 






Highline Canal return to Upper Millville 
Providence Canal diversion 4,300 30 cfs
a at the SR-101 road crossing 
Upper Millville Providence Canal diversion 
to Blacksmith Fork Hyrum Canal diversion 4,400 Not visited 
Blacksmith Fork Hyrum Canal diversion to 
Blacksmith Fork Nibley Canal diversion 2,900 
15 cfs immediately above the Blacksmith Fork 
Nibley structure 
Blacksmith Fork Nibley Canal diversion to 
Lower Millville Providence Canal diversion 9,000 
5 cfs immediately below the Blacksmith Fork 
Nibley structure; 0 cfs at road crossing ~1,500 
feet downstream 
Lower Millville Providence Canal diversion 
to College Irrigation Canal diversion 7,800 
3 cfs near 3600 South crossing; 2–3 cfs at 
Millville 100 South road crossing (inflow from 
return pipe just above crossing) 
College Irrigation Canal diversion to Spring 
Creek Cache diversion 13,000 3 cfs at 1700 South crossing 
Spring Creek Cache diversion to Logan 
River 2,600 0 cfs (dry dammed) at diversion 
a Cubic feet per second.  
 
 
Figure 31.  Widened channel section below Blacksmith Fork Nibley Canal   
  diversion. Note vegetation encroachment into channel bottom.  
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Figure 32.  View upstream at Millville 100 South road crossing. Note inflow  
from pipe. 
 
Hydraulics and Geomorphology 
The geomorphology of lower Blacksmith Fork is highly altered. Much of the channel is dredged, 
leveed, and large lengths of streambank have been protected from channel migration with rock 
rip rap, concrete rubble, or car bodies. Approximately seventeen bridge crossings occur in the 
reach. 
 
A geomorphic assessment of the portion of this study reach between the SR-101 crossing and the 
SR-165 crossing was recently completed as part of emergency flood control work after the 2011 
high flows. A HEC-RAS hydraulic model was also developed as part of this work. 
 
Lateral floodplain connectivity is highly limited on lower Blacksmith Fork, and several of the 
diversion structures create significant drops that are barriers to longitudinal connectivity. 
Evidence of channel downcutting can be seen at the bridge crossing below the Blacksmith Fork 
Nibley diversion, where the channel bed is now about four feet lower than the original bridge 
abutment (Figure 33). Significant sediment deposition, sometimes accompanied by vegetation 
encroachment, is also evident in some areas (Figure 31). These observations suggest that human 
alterations in lower Blacksmith Fork have disrupted the geomorphic equilibrium of the system. 
More details regarding channel aggradation and degradation patterns can be found in URS 
(Anderson 2013).  
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Figure 33. Exposed bridge abutment below Blacksmith Fork Nibley diversion. 
 
Average streambed slope in the stream segment from SR-101 to just below Nibley diversion is 
about 0.85% (URS unpublished). Slope decreases to about 0.60% in the segment above SR-165. 
Streambed particle size distributions were determined in five locations between SR-101 and SR-
165; median particle diameter sizes ranged from about 15mm to 45mm, indicating a gravel-
dominated streambed (URS unpublished). 
 
Within the lower Blacksmith Fork study reach, lateral channel confinement varies widely. The 
2011 FEMA floodplain maps show some areas where flood prone width is constricted to as little 
as 200 feet. As the river approaches Millville, the floodplain widens to nearly 1,400 feet (Figure 
30). The more recent HEC-RAS modeling results also illustrate the wide variability in channel 
confinement. Modeled active channel width for the 5-year flood (800 cfs) ranges from about 40 
feet to as much as 140 feet. 
 
The various geomorphic disruptions to Blacksmith Fork create a significant imbalance in 
sediment transport, with some channel sections experiencing excessive downcutting and other 
sections experiencing excessive sedimentation during flood events. These sedimentation 
problems increase flood damage risk, and have traditionally been addressed on Blacksmith Fork 
by channel dredging/bulldozing to remove accumulated material. The bulldozed channel sections 
tend to be flat-bottomed and over-widened with limited hydraulic habitat diversity. 
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Water Quality 
The entire lower Blacksmith Fork study reach is currently listed by UDWQ as non-supporting 
for class 3A for dissolved oxygen (UDWQ 2014). This listing is based on data collected at 
monitoring station 490540 at the US-91 crossing near the bottom of the study area. 
 
Detailed analysis of the UDWQ data is beyond the scope of this report, but based on a brief 
review of the station 490540 data it appears that 4 of the 5 exceedences of the dissolved oxygen 
standard (e.g., dissolved oxygen less than 6.5 mg/L) during the 1992–2009 time period were 
associated with flows of 2.1 cfs or lower during the summer months. The data show only one 
temperature exceedance of the 20 degree C standard during that time period, in July 2008 when 
flow was estimated as 2.14 cfs. Establishing the relationship between flow and 
temperature/dissolved oxygen would require collection of additional, more frequent or 
continuous data, as the UDWQ station 490540 data contains a total of only 46 data points linked 
to flow during the 1976–2009 time period. 
 
UDWQ has also collected water quality data at monitoring station 490544 at the SR-101 crossing 
near the top of the study reach.  
 
Riparian and Aquatic Ecology 
No riparian vegetation survey data are known to be available for this study reach. Observations 
of the channel during the August 2015 site visit noted a well-developed riparian community 
including native cottonwoods and willows at the SR-101 crossing near the upstream end of the 
study reach (Figure 34). A native cottonwood and willow community was also noted at the 
bridge 1,500 feet downstream from the Blacksmith Fork Nibley diversion. At some point below 
the Nibley diversion, native riparian plants become less common and non-native crack willow 
trees begin to dominate the riparian zone. 
 
Flood control dredging and bank stabilization work have impacted the riparian community in this 
study reach. Rip rap has been placed on the banks in many locations. In some areas it appears 
that some willow staking was incorporated into the rip rap protection, but in many other areas the 
banks are bare or weedy (Figure 35). Riparian corridor width has also been affected by historical 
channel realignment to accommodate agricultural and residential development. The numerous 
bridges that cross the river in this study reach also constrict the channel and limit riparian width. 
The proximity of roads and developed areas also impacts the riparian community. Evidence of 
substantial vegetation encroachment into the channel bottom was evident in the widened channel 
section below Nibley diversion (Figure 31), below the bridge crossing below SR-165, and at the 
1700 South bridge. 
 
The UDWR conducted fish sampling in the upstream part of this reach above the Blacksmith 
Fork Nibley Diversion (UDWR Section 03) most recently in 2005. Good densities of brown trout 
on the order of 500 fish/mile were documented. Mountain whitefish and sculpin were also 
present, as well as 2 Bonneville cutthroat trout (UDWR 2015c). 
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Figure 34.  Blacksmith Fork at the SR-101 crossing near  
the mouth of Blacksmith Fork canyon.  
 
 
Figure 35. Blacksmith Fork at bridge just downstream from SR-165  
  crossing. Note weedy banks and evidence of channel  
  dredging/bulldozing. 
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Downstream from the Blacksmith Fork Nibley Diversion, the most recent fisheries sampling was 
completed in 1987. Because 1987 was a wet water year, the channel apparently maintained water 
for the full year (UDWR 2015c). Brown trout were sampled in good densities of 1,400–1,500 
fish/mile. Mountain whitefish and sculpin were also present in high numbers. Other species 
sampled in smaller numbers included Bonneville cutthroat trout, rainbow trout, and suckers. 




The hydrology and geomorphology of lower Blacksmith Fork are highly altered. Intermittent 
channel dewatering is common during the irrigation season downstream from the Blacksmith 
Fork Nibley diversion. The dewatered channel sections show considerable evidence of 
vegetation encroachment into the channel bottom. In-channel habitat and substrate conditions are 
disturbed on a regular basis by flood control dredging (bulldozing) of the channel after high 
spring runoff years. On the positive side, fisheries sampling results during wet water years 
suggest that the potential exists for this reach of the river to support a good trout population. 
 
ENVIRONMENTAL FLOW RECOMMENDATIONS 
 
The existing information sections presented above provide an initial overview of hydrologic and 
riverine resource conditions on the Little Bear and Blacksmith Fork Rivers. The process of 
moving forward to begin to identify specific flow recommendations and the type/complexity of 
those flow recommendations will depend on resource protection priorities, preferred flow 
determination methods, and data availability. The term “environmental flow” can refer to 
something as simple as a single minimum instream flow value that is required year-round, 
probably to avoid specific low flow problems that often occur during critical summer and/or 
winter seasons. Or, “environmental flow” can refer to a much more complex recommendation 
that differentiates flow values by season and water year and incorporates recommendations for 




The ideal approach to instream flow recommendations would take into account all the types of 
riverine processes and ecological functions supported or affected by streamflows. This idealized 
approach is promoted by several of the Instream Flow Council’s Policy Statements (Annear et al. 
2004). 
 
1. IFC Riverine Components Statement: Instream flow studies must evaluate flow 
needs and opportunities in terms of hydrology, geomorphology, biology, water 
quality, and connectivity. 
 
2. IFC Riverine Resource Stewardship Policy Statement: All streams and rivers 
should have instream flows that maintain or restore, to the greatest extent 
possible, ecological functions and processes similar to those exhibited in their 
natural or unaltered state. 
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3. IFC Flow Variability Statement: Instream flow prescriptions should provide 
inter- and intraannual variable flow patterns that mimic the natural hydrograph 
(magnitude, frequency, duration, timing, rate of change) to maintain or restore 
processes that sustain natural riverine characteristics. 
 
The idea of a comprehensive framework that includes all riverine components is also suggested 
in the principles of effective instream flow science outlined in a recent National Research 
Council report (NRC 2005). This idea is further supported by the resolution passed by the 
American Fisheries Society at their 2008 annual meeting (American Fisheries Society 2008). 
Additional discussion of the idea of developing ecologically based comprehensive flow 
recommendations, as well as a complete description of available methods for determining 
instream flows can be found in Stamp et al. 2008. Table 5 provides a complete list of general 
types of riverine processes and ecological functions supported by instream flows. Recreation and 
aesthetics are also included in Table 5. Although recreation/aesthetic functions are not 
ecological, they are important benefits provided by instream flows that could generate additional 
support for future flow protection efforts. 
 
Prioritization of Flow-Dependent Ecological Functions 
 
On the Little Bear and Blacksmith Fork Rivers, protection of certain individual ecological 
functions may be of higher priority than other functions. For example, protection of flow-
dependent ecological functions for the Bonneville cutthroat trout is likely to be a high priority 
because BCT is currently listed under a multi-agency Conservation Agreement, and is listed as a 
‘species of special concern’ in Utah (Lentsch et al. 1997). Little Bear and Blacksmith Fork 
Rivers provide some of the little remaining cutthroat trout habitat in Utah, as native cutthroat 
trout now occupy only 33% of their former range (Budy et al. 2007). 
 
Bonneville Cutthroat Trout Flow  Requirements 
It is well established that BCT spawn on primarily the descending limb of the snowmelt 
hydrograph. In addition, water temperature has been found the best predictor that indicates the 
onset of spawning, due to both the descending flows and time of the year (Bennett et al. 2014, 
Budy et al. 2012). Dams and diversion structures that disrupt the magnitude and timing of natural 
springtime snowmelt runoff could potentially affect the BCT spawning “cue”, although BCT are 
known to spawn even in low water years when the snowmelt runoff is minimal, so long as other 
requirements are met. 
 
A prominent factor affecting spawning is the availability of appropriately-sized gravel in which 
to lay eggs. BCT spawn in a narrow range of substrate sizes from 3–80mm with an optimal range 
for embryo incubation at 15–60mm. Only a very small proportion of larger particles (>90mm) 
can be incorporated into trout redds. Cutthroat are particularly susceptible to trampling by 
livestock and fine sediment accumulation from these bank disturbances (Hickman and Raleigh 
1982, Budy et al. 2012, Gregory and Gamett 2009). Because of the sensitivity of BCT to 
spawning substrate size, flow alterations that either lead to coarsening of substrate material or 
excessive deposition of fine material can impact spawning habitat availability. For example, 
stream reaches where both spring and summer flows are reduced are susceptible to accumulation  
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Table 5. Riverine processes and ecological functions supported by instream 
flows. 
CATEGORY ECOLOGICAL FUNCTION PURPOSE/ISSUES 













When summertime flows 
become too low 
temperatures can exceed 
lethal levels and dissolved 




Factors such as high 
nutrient loads and lack of 
streamside shading may 
impair water quality 
regardless of flows. 
Water 
Quality Nutrient cycling. 
High, overbank flows that 
inundate the floodplain 
provide lateral connectivity 
between the channel and 
floodplain, and allow for 
nutrient cycling. 
High-magnitude, low- 
frequency flood flows. 
Levees and channelization 
will limit floodplain 
inundation and nutrient 






species (such as Bonneville 
cutthroat trout) may cue 
their timing of spawn on 
water 
temperature/chemistry 
conditions associated with 
springtime snowmelt runoff. 
Flows patterned/ timed 













Adequate flows are needed 
to flush accumulated fine 
sediment/algae and 
maintain clean, loose 
spawning gravels. 
Regularly occurring 
flows of sufficient 
magnitude/ duration to 
flush fine sediments. 
Low-gradient stream 
reaches with naturally fine-
grained substrate will lack 






Flows affect the availability 
of habitats with different 
depths/velocities required 
by various aquatic species 
and life stages. 
Flow regime that 
provides an appropriate 
mix of hydraulic 
habitats and/or 
connectivity to a mix of 
habitats during critical 
life stage periods. 
Factors such as levees, 
channelization, and 
dredging for flood control 
will limit availability of 
diverse hydraulic habitat 
regardless of flows; fish 
passage barriers such as 
dams and diversion 
structures will limit 






Seed-based recruitment of 
native woody riparian 
species requires a specific 
combination of flows and 
fluvial surfaces. 
Flows that inundate an 
appropriate 
germination surface 
during the seed 
dispersal window and 
then decline slowly 
enough for root growth 
to keep up. 
Factors such as levees, 
channelization, and 
dominance of non-native 
species (e.g. crack willow) 
will limit recruitment 
regardless of flows. 
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Table 5. (Cont.) 
CATEGORY ECOLOGICAL FUNCTION PURPOSE/ISSUES 










(bankfull) floods are needed 
to maintain channel 
capacity and form 
(pools/riffles) and transport 
sediment. 
Regularly occurring 
flows of sufficient 
duration/ magnitude to 
fully mobilize the 
streambed and 
transport the incoming 
sediment load. 
Dredging practices and 
sediment trapping by dams 
and diversion structures 
alter sediment transport/ 
channel maintenance 







Large, overbank floods 
create and maintain 
complex habitat such as 
side channels and 
backwaters. 
Occasional large, 
overbank flood flows. 
Factors such as levees, 
channelization, and 
dredging for flood control 
will limit channel complexity 





Native plants and aquatic 
species are adapted to 
natural flow variability at 
short- and long-term time 
scales. 
Mimicry of natural 
inter- and intra-annual 
flow variability 
(duration, magnitude, 
rise and fall rates, 
etc.). 
Not applicable. 
Recreation Recreational opportunities. 
Instream flows support 
recreational activities such 
as kayaking, canoeing, 
angling swimming, rope-
swinging, and wading. 
Flows of adequate 
depth and velocity to 
support the specific 
recreational activity. 
Dams, diversion structures, 
and limited access through 
private property create 
barriers that might limit 
recreation opportunities 
regardless of flows; steep 
banks, trash, and water 
quality problems may limit 
the appeal of recreation 
regardless of flows. 
Aesthetics 
Pleasant sound 
and sight of 
flowing water. 
Instream flows provide 
aesthetic benefits to 
streamside property 
owners/visitors. 
Base flows adequate to 
support continuous 
flow, not just stagnant 
isolated pools. 
Factors like riprap/concrete 
banks, trash, and water 
quality problems may limit 
aesthetic appeal regardless 
of flows. 
 
of fine sediments and vegetation encroachment which can directly impact spawning redds. 
Conversely, stream reaches immediately below dam structures that trap incoming sediment may 
be susceptible to substrate coarsening and a reduction in availability of suitably-sized spawning 
substrates. 
 
A final component of BCT spawning requirements is the need for moderate-velocity areas 0.11–
0.90 m/s with adequate flow depth to cover the fish while spawning and remain inundated until 
hatching (Hickman and Raleigh 1982, Budy et al. 2012, Bennett et al. 2014). A flow regime that 
supports the creation and maintenance of habitat complexity and provides sufficient flow depth 
during the spawning period is important for BCT spawning success. 
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Complex habitat is also important for the all the various BCT life stages. Features such as side 
channels, backwaters, and high quality lateral habitat, the density and area of which can be 
beaver influenced, are known to benefit juvenile and adult cutthroat trout alike. Ideally, these 
types of habitat should be widespread and in close proximity to spawning areas, as they benefit 
larvae and adult fish alike (Moore and Gregory 1988). Connectivity and abundance of different 
habitat types are important for providing conditions for cutthroat trout growth and survival 
(Budy et al 2007). 
 
Brown Trout Flow  Requirements 
Brown trout are another high priority on the Little Bear and Blacksmith Fork Rivers, particularly 
in the lower portions of the watersheds where brown trout are the primary fisheries management 
focus. In the study area and along the Wasatch Range in general, non-native brown trout exhibit 
a strong allopatric distribution in which brown trout are especially dense at low elevation sites 
and exhibit lower densities at higher-elevation, native species-dominated sites. Brown trout show 
this allopatric distribution due to temperature and slope differences, the potential for anchor ice 
that may destroy or limit spawning ability, and the inability of fry to establish in upstream 
reaches due to the high-flow spring spate in these systems (Budy et al. 2008, Meredith 2012).  
 
Brown trout flow requirements are generally similar to those for BCT. Very similar spawning 
habitat, substrate sizes, and water velocities are required. However, because brown trout spawn 
during November through December rather than in the springtime, the springtime snowmelt 
runoff spawning “cue” that is important for BCT is not relevant for brown trout. In the lower 
portions of the Little Bear and Blacksmith Fork watersheds where brown trout are the 
management focus, the strongest factor limiting brown trout reproductive success (assuming 
other habitat needs are met) is the formation of anchor ice. This ice forms at or below 0.5 ° C, 
can limit access to spawning gravels, limit upstream movement of spawning adults, and/or could 
mechanically destroy in-gravel embryos (Meredith 2012). 
 
Dam or diversion operations that decrease instream flows during late fall and early winter could 
increase the potential for anchor ice formation. While temperature conditions in the lower 
elevation reaches of the study area will generally prevent anchor ice formation for extensive 
periods of time, during particularly cold years brown trout could be negatively affected during 
the November-December spawning period. Furthermore, brown trout would be negatively 
impacted in colder months if there is an inadequate amount of water to provide over-winter 
refugia. 
 
As with BCT, complex habitat is important for all brown trout life stages. Therefore, a flow 
regime that supports the creation and maintenance of habitat complexity and provides sufficient 
flow depth is important. During the summer irrigation season, sections of both the Little Bear 
and Blacksmith Fork Rivers are periodically dewatered, impacting aquatic habitat connectivity 
and negatively affecting trout populations. 
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Other High-Priority Considerations 
Flows for Bonneville cutthroat trout and brown trout are not the only priority on the Little Bear 
and Blacksmith Fork Rivers. Improvement of water quality is also a high priority for certain 
study reaches. As discussed in the existing conditions sections, the Little Bear River has 
historically suffered from water quality problems associated with high nutrient loads, and 
although conditions have improved to some extent, water quality remains problematic. Available 
data indicate that exceedences of the 3A temperature and dissolved oxygen standards are fairly 
common during the summer irrigation season in some reaches. Blacksmith Fork was also 
recently listed as impaired for dissolved oxygen (UDWQ 2014). Increased summertime base 
flows may have the potential to ameliorate some of these water quality issues on both systems. 
 
Evidence of vegetation encroachment was observed in some reaches where summer base flows 
are depleted. This process has the potential to increase sediment deposition, reduce channel 
conveyance capacity, and increase flooding risk. Increased summertime base flows could limit 
this problem and reduce the frequency/need for flood control dredging work. Increased base 
flows would also improve recreation and aesthetic functions. 
 
Lower Priority I tems 
The priorities identified above are primarily ecological functions supported by base flows. These 
base flow-supported functions should be high priorities on the Little Bear and Blacksmith Fork 
Rivers because these are the types of flows that have been most obviously impacted by dam and 
water diversion operations. On the Little Bear River, Porcupine and Hyrum dams have also 
impacted high-magnitude flows. However, based on available existing information, high flow 
alterations do not currently appear to be the limiting factor on ecological functions such as 
spawning substrate availability, cottonwood recruitment, channel maintenance, or geomorphic 
complexity. Factors such as levee building and channelization, conversion of riparian zones to 
agricultural fields, and flood control maintenance activities tend to outweigh the effects of the 
dam-altered high flow regime. Unless efforts to address these other issues are also pursued, we 
recommend that restoration of the high-flow component of the flow regime be a relatively low 
priority on the Little Bear River. 
 
Future Considerations 
Environmental flow proponents may want to consider pursuing “preventative” instream flow 
protections in BCT-supporting reaches of Little Bear and Blacksmith Fork Rivers in case of 
future water development projects that could affect these reaches. These protections should 
consider both the high flow and low flow components of the natural flow regime to ensure that 
the high-flow dependent processes that support spawning and habitat complexity are maintained. 
 
Methods for Determining Instream Flows 
 
Many different methods can be used to determine base flow requirements to support high-
priority functions such as water quality, prevention of vegetation encroachment, and longitudinal 
connectivity. Table 6 lists some of these techniques and their relative advantages and 
disadvantages. 
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Table 6. Comparison of techniques for setting base flows/minimum instream 
flows (based on descriptions in Annear et al. 2004; for complete 
methodology reference information see Annear et al. 2004). 
METHOD/ 
REFERENCES DESCRIPTION DATA REQUIRED ADVANTAGES DISADVANTAGES 
New England 




Recommends the August 
median flow as the minimum 
instantaneous flow during 
the low-flow season; the 
April/May median flow for 
the spring season; and the 





regime, or drainage 







Default equations only 




“natural” hydrology may 











Recommends a specific 
percentile value derived from 
a flow-duration curve as a 
minimum instream flow such 
as Q90 (NGPRP) or 60% of 











“natural” hydrology may 
be difficult to obtain. 
 
Applicable only to 
geographic region where 
developed. 
 







Rose and Johnson 
1976 
Uses a stage-discharge 
relation at a single riffle 
transect to recommend a 
minimum flow that provides 
adequate wetted perimeter, 

















of field data. 
Requires selection of 
appropriate transect 
location, roughness 








Estes 1984, Estes 
and Orsborn 
1986) 
Recommends a percentage 
of the average annual flow 
(QAA) as an instream flow 
requirement for a given 6-


















data are required. 
Data representing 
“natural” hydrology may 
be difficult to obtain. 
 
Applicable only to 
geographic region(s) 
where relationships are 
validated. 
 









The inflection point 
(breakpoint) on a plot of 
wetted perimeter vs. 
discharge is selected as the 
minimum low-flow period 
instream flow prescription. 
Transect (distance/ 











No gage data 
needed; requires 
only moderate 
amount of field 
data. 
Selection of inflection 
point is somewhat 
subjective. 
 
Protection of wetted 




BIO-WEST, Inc. Little Bear and Blacksmith Fork Rivers 
October 2015 66 Environmental Flows: Background Report 
Table 6. (Cont.) 
METHOD/ 
REFERENCES DESCRIPTION DATA REQUIRED ADVANTAGES DISADVANTAGES 
7-Day, 10-Year 
Low Flow (7Q10) 
 
Reiser et al. 1989 
Sets the 7Q10 (lowest 
average flow expected to 
occur for 7 consecutive days 
with a frequency of 1 in 10 
years) as a minimum 
instream flow. This technique 
was originally developed to 
set wastewater dilution 
standards. 
Gage data with 








7Q10 drought flow is 
inadequate to protect 
aquatic life or ecological 
integrity. 
 
Not recommended for use 





Analyzes the relationship 
between Flow and water 
temperature during a critical 
season to select the 
minimum flow needed to 
ensure that temperature 
does not exceed standards. 
Gage and water 
temperature data 
for study site/time 
period of interest. 
Based on actual 
study site data. 
 
Temperature 
effects on aquatic 
life typically well 
established. 
Streamflow and 
temperature data not 
always available. 
 
Does not explicitly 






Hatfield and Bruce 
(2000) 
Mean annual discharge, 
latitude, and longitude values 
are entered into equations 
that estimate the flow that 
maximizes weighted usable 
habitat area (WUA) for 
various salmonid 
species/guilds/ life stages. 
Equations are based on 127 








effort and little 
data. 
Setting the flow that 
maximizes WUA as a 
minimum flow 
requirement may not be 
realistic. 
 
Application limited to 
western region and 





Gourley and Allred 
2000; Allred and 
Gourley 2002 
Annual and/or monthly 
dimensionless flow duration 
curves are developed and 
compared using daily flow 
gage records from natural 
streams similar to the stream 
of interest; results are used 
to develop flow 
recommendations ranked by 
percentile (i.e. wet- vs. dry-
year recommendations). 
Daily flow data for 
area streams with 
similar physical 
setting as target 

















minimum flow for 
a “10% driest” 
year). 
May be difficult to find 
“natural” gage data; 
selection of appropriate 
reference streams 





Swales and Harris 
1995 
A team of experts views and 
evaluates a number of 
specific flows and uses 
professional judgment to set 














streams that are 
unsafe or difficult 
to model. 
May be logistically 
difficult to schedule 
evaluations of specific 
flow increments. 
 
Technique is subjective 
and not necessarily 
repeatable. 
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Dimensionless Flow  Duration Curve Approach 
Of the various methods listed in Table 6, the dimensionless flow duration curve approach 
provides some important advantages. One advantage is that it is the only base-flow technique 
specifically designed to provide for year-to-year and seasonal variability in flow prescriptions. 
Another advantage of this technique is that it “automatically” adjusts based on existing mean 
annual flow values, allowing for generation of realistic minimum flow recommendations in 
reaches where significant consumptive use depletions occur. Because of the advantages of this 
technique, a detailed description of the methodology is provided below and preliminary results 
for the Little Bear River are presented below. 
 
Little Bear River Dimensionless Flow Duration Curve Approach Example 
This analysis approach begins with the selection of a group of gaged streams with climatic, 
geologic, and physiographic characteristics similar to the stream of interest, in this case the Little 
Bear River. These streams are termed “reference” streams because they are used as a reference 
for natural streamflow distribution. Streams are selected that have limited human alteration of 
naturally variable temporal patterns of streamflow (e.g., streams without excessive alteration of 
the watershed, streams without large dams, streams with limited diversion capacity).  
 
Analysis had previously been performed for the following seven streams, described here as 
reference streams for the Little Bear:  
 
• Bear River near the Utah-Wyoming state line 
 
• Hobble Creek near Springville, Utah 
 
• North Fork Provo River near Kamas, Utah 
 
• Payson Creek above Diversions near Payson, Utah 
 
• Spanish Fork above Thistle, Utah 
 
• Weber River near Coleville, Utah 
 
• Yellowstone River near Altonah, Utah 
 
Although all these streams have some level of hydrologic alteration, they represent the natural 
distribution of streamflow in this area reasonably well and serve as a methodology example for 
the purposes of this report. If a thorough, updated analysis was pursued in order to develop flow 
recommendations for the Little Bear or Blacksmith Fork Rivers, the selection of appropriate 
reference gages would need to be revisited. Specifically, the possible exclusion of the dam-
affected Weber River gage and the possible addition of gages on the upper portions of Logan 
River and Blacksmith Fork would be considered. Because development of revised/updated 
dimensionless reference curves is beyond the scope of this report, the previously developed Utah 
reference curves were used to present an example of the methodology as applied to the Little 
Bear River.  
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Streamflow data from the selected group of reference streams can be plotted to create a standard 
flow duration relation, as shown in Figure 36. Notice that streams of different size are distributed 
vertically along the y-axis (discharge). Although the curves appear to have similar shapes, the 
vertical distribution makes it impossible to use the data from one stream to guide flow 
recommendations on another stream, unless they happen to be of exactly the same discharge 
volume. In order to use these data to guide flow recommendations, a way must be found to 
remove the effect of stream size on the data, which would allow basins of different sizes to plot 
in the same space. This can be accomplished by dividing each of the measured discharges for the 
period of record by the mean flow for the same period, which produces the plots shown in Figure 
37. The result is a dimensionless variable that we will call “dimensionless discharge.” It is 
dimensionless because the units of discharge cancel out when dividing by the mean discharge. 
Notice that the plots that were previously distributed along the y-axis are now grouped much 
more closely. The new plots are quite useful for determining a natural range of discharge for 
other streams in the area.  
 
























Bear River near Utah/Wyoming State Line
Hobble Creek near Springville, UT
North Fork Provo River near Kamas, UT 
Payson Creek above Diversions near Payson, UT
Spanish Fork above Thistle, UT
Weber River near Coleville, UT
Yellowstone River near Altonah, UT
 
Figure 36. Standard flow duration relations for seven Utah reference streams. 
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Bear River near Utah/Wyoming State Line
Hobble Creek near Springville, UT
North Fork Provo River near Kamas, UT 
Payson Creek above Diversions near Payson, UT
Spanish Fork above Thistle, UT
Weber River near Coleville, UT
Yellow stone River near Altonah
 
Figure 37. Dimensionless flow duration relations for seven Utah reference 
streams. 
 
Because this technique is new to most people, a quick example may provide some helpful 
insight. In a way, the dimensionless discharge units can be thought of in terms of multiples of the 
mean flow. For example, on the Little Bear River at Paradise, Utah, which has a mean flow of 
approximately 85.6 cfs, the flow on a given day may be 42.8 cfs, which becomes a dimensionless 
discharge of 0.50 (42.8 cfs / 85.6 cfs = 0.5), or 0.5 times the mean flow. In the springtime, during 
the runoff period, the discharge may be 428 cfs, which becomes a dimensionless discharge of 5 
(428 cfs / 85.6 cfs = 5), or five times the mean flow.  
 
Gage records from the Little Bear River drainage were analyzed and added to the plot of 
dimensionless discharge for the Utah reference streams. The results are shown in Figure 38. 
 
Notice that the plots for the Little Bear River are quite similar to the Utah reference streams at 
both gage locations, with the notable exception of the gage below Hyrum Reservoir, which 
shows substantial hydrologic alteration during the times of exceedance over 50 percent (i.e., base 
flow). Low flows on the river below Hyrum Reservoir are much lower than would be expected, 
even with the reduced mean flow that was used for the dimensionless technique.  
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Figure 38.  Dimensionless flow duration relations for seven Utah reference  
  streams, and four Little Bear River gages. 
 
Dimensionless discharges, like those shown in Figures 37 and 38, can be scaled for any similar 
stream by multiplying the values by the mean discharge for the new stream. This simple 
procedure can be applied to any stream with similar characteristics. 
 
In order to determine a more appropriate range of streamflow during different seasons for the 
Little Bear River, gage data from the reference streams were analyzed to produce dimensionless 
flow duration curves for each month. Figure 39 provides an example of one of these monthly 
curves (July) for the Utah reference streams. For comparison purposes, the estimated median 
July flow on the Little Bear River below Hyrum Reservoir (approx. 2.65 cfs) is also plotted as a 
dimensionless value. This value plots well below the reference streams, indicating that flows are 
substantially lower in July than would be expected in a less-altered system. These low flows 
occur during the warmest times of the year, when temperatures in the river may exceed lethal 
levels for many organisms and oxygen levels are extremely low. The biological implications of 
these low flows are potentially profound. 
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Exceedance Percentage

























Little Bear River below Hyrum Reservoir
 
Figure 39.  Monthly (July) dimensionless flow duration relations for seven Utah 
reference streams. Estimated average July flow for Little Bear River 
below Hyrum Reservoir is shown as an X on the plot. 
 
The monthly dimensionless curves were tabulated for use in identifying target flows for a given 
stream. The resulting table of monthly median dimensionless discharges can then be scaled for 
any similar Utah stream by multiplying by the mean discharge for the stream of interest. Such a 
scaling was completed for the Little Bear River below Hyrum Reservoir, which resulted in the 
values shown below in Table 7. Monthly discharge values were computed for water years 
ranging from a low of the 10th percentile to a high of the 90th percentile. The values in Table 7 
are based on the median (central) dimensionless reference curve for a given month and flow 
exceedance percentage. 
 
Using a similar approach, but using the minimum of the Utah reference streams rather than the 
median, another table was generated. Table 8 was scaled using the average discharge for the 
Little Bear below Hyrum Reservoir, but using minimum dimensionless discharge values for the 
Utah reference streams. Specifically, for each exceedance percentile, the dimensionless 
multiplier is the value of the individual reference gage that plots the lowest for a given month. In 
other words, the Table 8 values are based on the “bottom of the envelope” of the reference 
curves. Table 8 represents the lowest reference (“natural”) discharges that would be expected to 
occur given the average streamflow of the Little Bear River in this study reach. These values can 
be useful in helping to guide minimum streamflow recommendations for the Middle and Lower 
Reaches of the Little Bear River.   
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Table 7.  Calculated natural average monthly flows, in cubic feet per second,  
for the Little Bear River below Hyrum Reservoir based on median 
dimensionless values for seven Utah reference streams.  
Month 
Water Year Percentile 
10 20 30 40 50 60 70 80 90 
Jan 18.2 20.6 22.8 26.8 27.5 27.9 28.0 28.3 30.3 
Feb 17.8 20.1 23.4 23.9 26.2 26.2 27.1 28.5 30.0 
Mar 19.4 21.6 25.9 27.5 28.6 29.3 30.9 31.0 31.6 
Apr 22.4 30.3 37.5 51.7 62.2 78.4 108.8 131.2 163.0 
May 62.5 105.4 130.1 165.4 195.0 217.3 235.1 272.0 345.8 
Jun 46.5 58.6 73.6 116.8 174.2 191.2 215.5 270.0 338.1 
Jul 27.5 40.8 47.5 52.3 56.8 64.4 71.4 87.5 126.8 
Aug 16.4 20.8 24.1 28.4 30.8 36.2 42.9 56.1 59.2 
Sep 15.7 18.3 23.3 26.3 28.4 31.7 36.8 38.8 46.5 
Oct 17.0 21.9 25.0 28.0 29.8 32.9 33.3 34.6 38.7 
Nov 18.5 23.1 25.7 28.6 31.3 33.4 35.5 36.5 37.9 
Dec 18.7 23.5 25.4 26.6 27.6 30.2 30.8 31.6 33.8 
 
Table 8.  Calculated natural average monthly flows, in cubic feet per second,  
for the Little Bear River below Hyrum Reservoir based on minimum 
dimensionless values for seven Utah reference streams.  
Month 
Water Year Percentile 
10 20 30 40 50 60 70 80 90 
Jan 7 7 8 8 9 11 12 14 17 
Feb 7 7 8 9 10 10 12 13 14 
Mar 7 9 10 12 13 15 16 17 21 
Apr 16 22 25 27 28 29 31 35 45 
May 23 30 56 81 115 129 144 162 206 
Jun 26 50 61 75 88 92 96 110 151 
Jul 18 22 30 35 38 41 42 45 54 
Aug 10 12 17 23 28 30 32 33 39 
Sep 7 8 9 10 12 13 17 18 24 
Oct 7 8 8 11 11 12 15 18 25 
Nov 6 8 9 10 10 12 13 16 19 
Dec 7 7 8 9 10 11 13 14 18 
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Based on this example application of the analysis technique, Table 8 shows that low flows on the 
order of 10 cfs would be expected to occur frequently during the months of August through 
March during average to dry water years on the Little Bear River. As such, a target of 10 cfs may 
be a reasonable preliminary starting point for a minimum instream flow goal. However, the 
dimensionless results presented here are only an example of how this technique can be used to 
guide instream flow recommendation for low flows, and a more thorough analysis of 
applicability of a final list of reference streams and applicability of data at this gage is 
recommended before final recommendations are made. 
 
Little Bear River Recommendations 
 
Summary information and recommended next steps for individual Little Bear River study 
reaches are provided in Table 9. 
 
Blacksmith Fork Recommendations 
 
Summary information and recommended next steps for individual Blacksmith Fork study 
reaches are provided in Table 10. 
 
Table 9. Summaries and next steps for Little Bear River study reaches. 
REACH HYDROLOGIC ALTERATIONS 
MAIN ECOLOGICAL 
CONCERNS RECOMMENDATIONS 
NEXT STEPS/ DATA 
GAPS 
LB1: Upper 
East Fork Minimal. 
Existing flow regime 
appears to support 
ecological functions. 
Bonneville cutthroat 
trout (BCT) present in 
reach, including 
genetically pure 
population in upper 
Cinnamon Creek. 
May want to consider 
pursuing “preventative” 
instream flows to insure 
all components of the 
flow regime that support 
BCT are maintained into 
the future. Assess 
potential for future water 
development 
projects/”threats” in this 
reach. 
Dimensionless analysis 
for US Geological Survey 
(USGS) gage 10104900 
could be used to develop 
initial base flow 
recommendations. 
Additional data and 
analyses would be 
required to determine 
recommendations for 





flood peaks and winter 
base flows (whole 
reach); increased 
summer base flows 
(Porcupine Dam to 
Jackson Ditch diversion); 
reduced summer base 
flows (Jackson Ditch 








connectivity and aquatic 
habitat/brown trout 





opportunities to increase 
minimum summer base 
flows below Paradise 
Diversion. Assess extent 
to which existing 
diversion structures 
create fish passage 
barriers, as this will 
affect the longitudinal 
connectivity 
improvements gained 
from any increased 
based flows. Evaluate 
extent of vegetation 
encroachment problems. 
Dimensionless analysis 
for USGS gage 10104900 
could be modified and 
used to develop initial 
base flow 
recommendations. To 
determine flows to 
prevent vegetation 
encroachment, collect 
cross section data and 
perform wetted 
perimeter/inflection 
point analysis. Robust, 
easily-analyzed 
hydrologic data for this 
reach are currently 
lacking. 
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Table 9. (Cont.) 
REACH HYDROLOGIC ALTERATIONS 
MAIN ECOLOGICAL 
CONCERNS RECOMMENDATIONS 













connectivity and aquatic 
habitat/trout fishery and 




Because the South Fork 
subwatershed is managed 
by Utah Division of Wildlife 
Resources as a BCT 
“metapopulation”, consider 
pursuing “protective” 
instream flows to insure all 
components of the flow 
regime that support BCT 
are maintained into the 
future. Assess potential for 
future water development 
projects in this reach. 
Consider pursuing 
additional opportunities to 
increase minimum summer 
base flows below Hyrum 
Diversion. Assess extent to 
which existing diversion 
structures create physical 
fish passage barriers. 
Dimensionless analysis 
for USGS gage 10104700 
could be used to develop 
initial base flow 
recommendations. 
Additional data and 
analyses would be 
required to determine 
recommendations for 
other components of the 
flow regime, and to 
better understand the 
hydrology of the 
downstream diversion-
affected sections of 
South Fork and 
Davenport Creek where 





alteration is reduced 
summertime base 
flows; springtime flood 
peaks are also reduced 
to some extent by 
Porcupine Dam. 
Channel periodically 
dewatered in section 




connectivity and aquatic 
habitat/trout fishery. 
Consider pursuing 
opportunities to maintain 
instream flows in section 
affected by trout pond 
diversions. Assess extent 
to which existing diversion 
structures create physical 
fish passage barriers. 
Information on trout 
pond diversion and 
return flow operations 
currently lacking; 
hydrologic and water 
quality data lacking for 






summer base flows; 
increased winter flows; 
reduced flood peaks. 
Depleted flows impact 
longitudinal connectivity 
and aquatic habitat/trout 
fishery, create potential 
vegetation encroachment 
problems, and cause 
water quality problems. 
Consider pursuing 
opportunities to increase 
minimum summer base 
flows. Assess extent of any 
vegetation encroachment 
problems. Conduct more 
in-depth analyses of 
available Utah State 
University and Utah 
Division of Water Quality 
water quality data to 
evaluate correlation to 
streamflows. 
Conduct additional data 
collection/analysis to 
better understand effects 
of Darley Ditch diversion 
and amount of flow 
gained via return flow 
and groundwater inputs 
in this reach. 
LB6: Lower 
Bear River 
Overall flow regime 
highly altered by 
Hyrum Dam and 
upstream flow 
diversions; summer 




impact water quality. 
Conduct more detailed 
analyses/additional data to 
determine if/ how water 
quality problems are 




data are lacking for the 
lower Little Bear study 
reach. 
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Table 10. Summaries and next steps for Blacksmith Fork study reaches. 















focus of the 
tributaries. 
May want to consider pursuing 
“preventative” instream flows to 
insure all components of the 
flow regime that support BCT 
are maintained into the future. 
Assess potential for future water 
development projects/”threats” 
in this reach. 
With the exception of 3 years 
of data on lower Curtis 
Creek, tributary flow data 
are lacking. Additional data 
and analyses would be 
required to determine 












regime appears to 
support ecological 
functions. Good to 
excellent brown 
trout fishery, even 
in powerplant 
bypass section. 
May want to consider pursuing 
“preventative” instream flows to 
insure all components of the 
flow regime that support 
existing brown trout fishery are 
maintained into the future. 
Assess potential for future water 
development projects/”threats” 
in this reach. 
Could complete 
dimensionless analysis for US 
Geological Survey (USGS) 
gage 10113500 to begin to 
develop initial base flow 
recommendations. Additional 
analyses would be required 
to determine 
recommendations for other 



























may be tied to 
dissolved oxygen 
problems. 
Consider pursuing opportunities 
to increase summer base flows 
below Nibley Diversion. Assess 
extent to which existing 
diversion structures create fish 
passage barriers, as this will 
affect the longitudinal 
connectivity improvements 
gained from any increased base 
flows. Explore possibility of 
requiring creation of a low-flow 
thalweg during channel 
dredging/ bulldozing activities, 
as current flood control practices 
will affect connectivity and 
habitat improvements gained 
from increased base flows. In 
other words, a minimum base 
flow would be more effective 
with a defined thalweg on the 
channel bottom. Evaluate extent 
of vegetation encroachment 
problems. 
Dimensionless analysis of 
gage 10113500 data, re-
scaled to adjust for diversion 
volumes, could serve as 
starting point for 
recommendations. Existing 
Hydrologic Engineering 
Centers River Analysis 
System (HEC-RAS) model 
could be used to perform a 
wetted perimeter-inflection 
point analysis (see Table 6) 
to identify channel-wetting 
flow value to limit vegetation 
encroachment. Additional 
data collection and possibly 
“test flows” would be needed 
to evaluate how flow affects 
dissolved oxygen. This entire 
study reach lacks hydrologic 
data. 
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